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PART NUMBER PAGE PART NUMBER PAGE 
CCC 3500 339 COM 8502 141 
CG 4103 357 CRT 5027 197 
COM 1553A 27 CRT 5037 197 
COM 1671 43 CRT 5047 205 
COM 1863 59 CRT 5057 197 
COM 2017 67 CRT 7004 — 255 
COM 2017H 67 CRT 8002 235 
COM 2449 75 CRT 8002H 247 
COM 2502 67 CRT 8021 273 
COM 2502H 67 CRT 9006 261 
COM 2601 91 CRT 9007 207 
COM 2651 99 CRT 9021 281 
COM 2661 111 CRT 9212 267 
COM 5016 167 CRT 96364 227 
COM 5016T 167 FDC 1761 295 
COM 5025 123 FDC 1763 295 
COM 5026 169 _ FDC 1765 295 
COM 5026T — 169 FDC 1767 295 
COM 5036 171 FDC 1791 311 
COM 5036T 171 FDC 1792 3 311 
COM 5046 173 FDC 1793 311 
COM 5046T 173 FDC 1794 311 
COM 8004 135 FDC 1795 311 
COM 8017 141 FDC 1797 311 
COM 8046 179 FDC 3400 339 
COM 8116 181 FDC 9216/B 327 
COM 8116T 181 KR 2376 371 
COM 8126 183 KR 3600 | 375 
COM 8126T 183 MPU 3870 | 383 
COM 8136 185 ROM 4732 347 
COM 8136T 185 ROM 36000 351 
COM 8146 | 187 SR 5015 361 
COM 8146T 187 | SR 5017 365 


COM 8251A 149 SR 5018 365 


FUNCTIONAL INDEX 


Data Communication Products 





Part ; M Power 
Number - Name Description Baud Rate Supplies Packag 
T 





COM 15534 | MIL-STD- MIL-STD-1553 (Manchester) Interface 


ax 
Controller 
COM 1671 ASTRO 
1 MB +5, -5, +12 40 DIP 
COM 1863 UAR 
62.5 KB 40 DIP 


Asynchronous/Synchronous 
40 DIP 
COM 2017H | UART 

















Transmitter/Receiver, Full Duplex, 5-8 
data bit, 1X or 32X clock 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 1%, 2 stop bit, enhanced distortion 
margin 

Universal Asynchronous Receiver 
Transmitter, Full Duplex, 5-8 data bit, 
1, 14%, & stop bit 

Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 14%, 2 stop bit 

RS449-USART | RS 449 Compatible Universal 
Synchronous/Asynchronous 
Receiver/Transmitter 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 8 stop bit 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 8 stop bit 


Universal Synchronous Receiver/ 
Transmitter, STR, BSC, Bi-syne 
compatible 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 14, 2 stop bit, 1X, 16X, 
64X clock 

Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 14%, 2 stop bit, 1X, 16X, 
64X clock 

SDLC, HDLC, ADCCP, Bi-sync, DDCMP 
compatible, automatic bit stuffing/ 
stripping, frame detection/generation, 
CRC generation/checking, sync detection 


COM 8004 32 Bit CRC Companion device to COM 5025 
Generator/ for 32 bit CRC +5 
Checker 
COM 8017 UART Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5 40 DIP 
1, 1%, 2 stop bit 
COM 8018 UART Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 1%, 2 stop bit, enhanced distortion 62.5 KB +5 40 DIP 
margin ; 
























































40 DIP 
























COM 2449 






40 DIP 






















COM 2508 
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COM 2601 USRT 






40 DIP 















40 DIP 





















40 DIP 












COM 2651 







28 DIP 

















COM 2661 USART/EPCI 
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28 DIP 























COM 5085 Multi-Protocol 


USYNRT 40 DIP 

















Page 
27-42 


59-66 


67-74 


67-74 


75-90 


67-74 


67-74 


91-98 


99-110 





111-182 


123-134 


135-140 


141-148 


149-164 








COM 8251A | USART Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 64 KB (sync) 
data bit, 1, 11%, 8 stop bit 9.6 KB (async) +5 28 DIP 
COM 8502 UART Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 40 KB +5 40 DIP 
1, 2 stop bit 
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Baud Rate Generator 





All Baud Rate Generators are programmable put frequencies simultaneously for full duplex 
dividers capable of providing 16 output frequen- communications. 

cies* for UARTs or USARTs from either an on-chip Baud Rate Generators providing all standard baud 
crystal oscillator or an external frequency input. rates from various popular crystal frequencies are 
“T” versions utilize an external frequency input available. In addition the baud rate generator may 
only. Dual Baud Rate Generators provide two out- be custom mask programmed for other divisors. 


*except as noted 
Power 
Part Number Description Features Supplies Package Page 


COM 5016 Dual Baud Rate Generator On-chip oscillator or external +5, +18 18 DIP 167-168 
+5, +12 18 DIP 167-168 


frequency input 
+5, +12 14 DIP 169-170 


External frequency input 

On-chip oscillator or external 
+5, +12 14 DIP 169-170 
+5, +182 171-172 







































Dual Baud Rate Generator 
Single Baud Rate Generator 


COM 5016T ¢) 
COM 5026 


















frequency input 
External frequency input 


COM 5016 with additional 
output of input frequency + 4 


COM 5016T with additional +5, +18 













COM s5026T “? 


COM 5036 
COM 5036T ‘*) 


Single Baud Rate Generator 
Dual Baud Rate Generator 




































Dual Baud Rate Generator ~ 171-172 











































output of input frequency + 4 

COM 5046 Single Baud Rate Generator COM 5026 with additional +5, +18 173-174 
output of input frequency + 4 

COM 5046T >) | Single Baud Rate Generator COM 5026T with additional +5, +12 14 DIP 173-174 








output of input frequency + 4 
3a baud rates; 1X, 16X, 3axX& 
clock outputs; single +5 volt 
supply 


COM 8046 with external 
frequency input only 














COM 8046 Single Baud Rate Generator 










+5 179-180 

































COM 8046T “) | Single Baud Rate Generator +5 16 DIP 179-180 






























COM 8116 Dual Baud Rate Generator Single +5 volt version of 181-182 
COM 5016 
COM 8116T“) | Dual Baud Rate Generator Single +5 volt version of 181-182 


COM 5S016T 

















































COM 8126 Single Baud Rate Generator Single +5 volt version of +5 183-184 
COM 5026 

COM 8126T ©) | Single Baud Rate Generator Single +5 volt version of +5 183-184 
COM 5026T 















COM 8136 Dual Baud Rate Generator Single +5 volt version of 


COM 5036 


Single +5 volt version of 
COM 5036T 


Single +5 volt version of 
COM 5046 


Single +5 volt version of 
COM 5046T 


: 
ck 














COM 8136T “) | Dual Baud Rate Generator 

































COM 8146 


COM 8146T (>) 


Single Baud Rate Generator 














Single Baud Rate Generator 





ol Keyboard Encoder 















Standard Fonts Power 
Suffix Description Supplies | Package 


-ST ASCII +5, -128 







Features 
& Key Rollover 






Part Number 
KR-2376 XX 

















371-374 





















KR-3600 XX (4) & Key or -ST ASCII +5,-128 375-382 
N Key Rollover| -STD ASCII 
-PRO Binary Sequential 








(3)May be custom mask programmed 





am Printer 
CHARACTER GENERATOR 


Description Scan Power Supplies | Package 
CG 4103 ©) 5x 7x 64 Column +5, -12 or +12 28 DIP 357-360 
| | SHIFT REGISTER 


Max Power 
Part Number Description Feature Clock Freg. Supply Package Page 


























SR 5015-xXx Quad Static Shift Register Load, Recirculate, 
Mask Programmable Length Shift Controls, 


SR 5015-80 Quad 80 Bit Static 


SR 5015-81 Quad 81 Bit Static +5 16DIP | 361-564 
SR 6015-133 Quad 133 Bit Static 








Shift Left/Shift 
SR 6017 Quad 81 Bit Right, Recirculate . 16 DIP 365-368 


SR 5018 Quad 133 Bit Controls, Asynch- 
ronous clear 














ROM 














Part Number Description Access Time 











Power Supply 
ROM 4732@) 32K ROM; 32,768 bits — 
ROM 3600003) 64K ROM; 65,536 bits 
organized 8192x8 250 nsec +5 351-384 














FLOPPY DISK 


Part Sector/ Data Side Select Power 
Number Description Format | Density Bus Output Supplies | Package Page 











FDC1797 Floppy Disk Controller/ Soft Double True +5,+12 40 DIP 311-326 
Formatter 


Yes 
FDC3400 Floppy Disk Data Handler +5,-12 | 40DIP | 331-338 


FDC1761 Floppy Disk Controller/ Soft Double Inverted No +5,4+12 40 DIP 295-310 
Formatter (mini-floppy only) 

FDC1763 Floppy Disk Controller/ Soft Double True No +5,+12 40 DIP 295-310 
Formatter (mini-floppy only) 

FDC1765 Floppy Disk Controller/ Soft Double Inverted Yes +5,4+18 40 DIP 295-3510 
Formatter (mini-floppy only) 

FDC1767 Floppy Disk Controller/ Soft Double True Yes +5,+12 40 DIP 295-310 

: Formatter (mini-floppy only) 

FDC1791 Floppy Disk Controller/ Soft Double Inverted No +5,+12 | 40DIP 311-326 
Formatter 

FDC1792 Floppy Disk Controller/ Soft Single Inverted No > +5,+12 40 DIP 311-326 
Formatter 

FDC17935 Floppy Disk Controller/ Soft Double True No +5,+18 40 DIP 311-326 
Formatter 

FDC1794 Floppy Disk Controller/ Soft Single True No +5,+12 40 DIP 311-326 
Formatter 

FDC1795 Floppy Disk Controller/ Soft Double Inverted Yes +5,+12 40 DIP 311-326 
Formatter 


























we ‘| CASSETTE/CARTRIDGE 
Max : Power 
_|_ Part Number Description Data Rate ’ Features Supply 
CCC 3500 Cassette/Cartridge Data Handler 250K bps Sync byte detection, +5, -12 339-546 
Read While Write 
(For future release (3)May be custom mask programmed 
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———" CRT Display 


TIMING CONTROLLERS 


Display Max Power 
Description Features Format Clock Supplies | Package Page 


TF pregrammatie r5,412 | aopiP | 107-204 

















Part Number 


CRT 5027 





provides all of the =e 
CRT 8037 timing andcontrol | balanced beam interlace | programmable +6,+12 | 40DIP | 197-204 
CRT 5047 (3) for interlaced and fixed format 80 column 4MuHz | +5,+12 | 40DIP 205-206 
non-interlaced CRT 24 row 
display 


CRT 5057 line-lock programmable +68,+12 | 40DIP | 197-204 
CRT 9007 CRT video processor | sequential or row- programmable +6 40 DIP 207-226 
and controller table driven memory 
CRT 96364A/B | complete CRT on-chip cursor and 64 column 1.6 MHz +5 28 DIP 227-234 
processor write control 16 row 
VDAC™ DISPLAY CONTROLLERS 


Max Power 
Part Number Description Display Attributes Clock Supply Package Page 


Provides complete ’ | '?%x 11 dot matrix, reverse video 247-254 

display and attri- wide graphics, blank 
butes control for thin graphics, blink 

CRT 8002A ‘**) alphanumeric and on-chip cursor underline 20 MHz 255-244 
graphics display. strike-thru 
Consists of 7 x 11 x 128 +5 28 DIP 
character generator, 

CRT 8002B ‘*.* video shift register, 15 MHz 235-244 
latches, graphics and 
attributes circuits. 

CRT 8008C ‘2.5 235-244 


CHARACTER GENERATORS 


Max 
part umber Description es 


CRT 7004A (34) 20 MHz 
15 MHz +5 24 DIP 255-260 
10 MHz 


ROW BUFFER 


CRT 7004C (34) 
Max 
Part Number Description Row Length Power Supply | Package Page 
CRT 9006-83 8 bit wide serial cascadable single row buffer +5 24 DIP 261-266 
CRT 9006-135 memory for CRT or printer 135 characters 
CRT 9212 8 bit wide serial cascadable double row buffer 135 characters +5 28 DIP R67-272 
memory for CRT or printer 


VIDEO ATTRIBUTES CONTROLLERS 


Max Power 
Part Number Description Display Attributes Clock Supply Package Page 
CRT 8021 Provides attributes Alphanumeric, wide | Reverse video, | 20MHz +5 28 DIP 873-280 
and graphics control graphics, thin graphics,| blank, blink, 
for CRT video on-chip cursor underline, 
displays strike-thru 
CRT 9021B Provides attributes Alphanumeric,wide | Reverse video, | 28.5 MHz 28 DIP 281-292 









































































7x11x128 character generator, 
latches, video shift register 






































and graphics control graphics,thin graphics,] blank, blink, 
for CRT video on-chip cursor, double | underline, 


displays height, double width | intensity 

(1) For future release (3) May be custom mask programmed 

(2) Also available as CRT 8002A,B,C —001 Katakana (4) Also available as CRT 70044,B,C — 003 5X7 
CRT 8002A,B,C — 003 5X7 dot matrix dot matrix 


SECTION | 






SMC CROSS 





UART (1% SB)** COM 2017 __ AY 5-1013A a 
UART (1,2 SB)** COM 2502 — AY 5-1013 = 
UART (n-Channel)** | GOM8017 | $6850" AY 3-1015 HM6402 IM6402 





AY 3-1015 HM6403* | 8251* IM6403* 


UART (n-Channel)** | COM8502 1 | 
UART (n-Channel)* | COM 1863 | ste02 
COM 2601 
ASTRO COM 1671 po | 


PCI COM 2651 
EPCI COM 2661 


USART COM 8251A 


F6856* 


COM 5016/36 

COM 8116/36 

COM 5026/46 : 
COM 8126/46 F4702 
KR 3600 

CRT 5037 


CG 4100 : 


USRT 


8251A — 


Multi-Protocol, 
USYNRT 


Dual Baud Rate Gen. 


HD4702* 
Single Baud Rate Gen. HD6405* 


88 Key KB Encoder AY 5-2376 


90 Key KB Encoder AY 5-3600 


CRT Controller 8275* — 


Character Generator 


Character Generator 


Character Generator RO 5-2240S* 







Shift Register SR 5015 
ROM 4732 _ 
ROM 36000 


$2182/3/5 
$68332 






RO 3-9332 


D 
oO 
= 


2332" = 


$4264* RO 3-9364 





“Functional Equivalent 
**Most UART’s are interchangeable; consult the factory for detailed information on interchangeability. 


REFERENCE GUIDE 


Solid 
Motorola NEC State 
Scientific 


-ommodore 
(MOS 
‘echnology) 


Texas Western 
Instruments | Digital 


TR1602 


MM5303* pPD369* 


TMS6011 
TR1402 
SCR1854 
TR1983* 
TR1863 


UC1671 


INS1671 
sees | — | aes 


INS8251 uPD8251A. fee 4 


| = uPD379* 2652 SND5025 
MC14411* MM5307* se 


SY2661 


$D1933* 


BR1941L 


MCS1009" p= | MMS5740" | uPD364" =| TMS5001 
= MK3807 | Mcé6s45* DP8350" a Specs 6545* | TMS9927 
MCM66700" : : 
MCS1004" : P 
: : . TMS3113* 
2332 MCM8332 | uPD2332 | 2632 po SY2332 | TMS4732 
2364" MK36000 | MCM68A364* MM52864"| »PD2364" | 2664" | | SY2364"| TMS4764* 


For Floppy Disk Controllers—See Next Page 
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FLOPPY DISK CONTROLLERS 


ne Ee Ld 
| Floppy Disk Controller | Floppy Disk Controller Controller FDC 1791-02 1791-02 | — [Messe] — ) sv1791-02 | -02 | FD 1791-02 | 1791-02 
eee en ee 
resmyoacconicer | roctmeae | — | weer | — | svvesoe [ irecce 
Peseyoacconcie | rocrmene | = | — | — | — _[romanne 
Feseoacconoie | wocrece | — | — | = | — [romeo 
Pesproacconote | wocrere | = [| — | —_|romarae 
reseoacconsie | wocreree | = | — | = | — [rome 
Pesoacconoie [weer | — | — | — | — [rome 
Peseyoaccowsie | roowmesae | — [ — | — | — [rome 
Pemmyoacconsie | roowerae | — [ — | — | — [romana 
Femyomcunsqwaer | rocee | — | — | — | — | ror 
icsoneae | wu [reeoa| — | waeman) — | — 


*Functional Equivalent 
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Innovation in microelectronic technology is the key to 
growth at Standard Microsystems. 


Since its inception, Standard Microsystems has been a leader in creating new tech- 
nology for metal oxide semiconductor large scale integrated (MOS/LSJ) circuits. 

For example, while the first MOS/LSI processes were p-channel, it was recognized 
very early that an n-channel process would greatly improve switching speeds and 
circuit density. However, the fundamental! problem of parasitic currents needed to 
be solved. The research and development staff at Standard Microsystems recognized 
this problem and directed its energy toward the development of its now-famous 
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally 
oxidized structure which produces high-speed, high-density n-channel IC’s. 

In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the ability to 
design dense, high-speed, low-power n-channel MOS integrated circuits through the 
use of one external power supply voltage. 

Again recognizing a need and utilizing its staff of qualified process experts, Stan- 
dard Microsystems developed the CLASP® process. The need was for fast turna- 
round, easily programmable semi-custom LSI technology. The development was 
CLASP®, a process that utilizes ion implantation to define either an active or passive 
device which allows for the presence of a logical | or 0 in the matrix of a memory or 
logic array. This step is accomplished after all wafer manufacturing steps are 
performed including metalization and final passiviation layer formation. Thus, the 
wafer can be tested and stored until customer needs dictate the application, a huge 
saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide- 
spread industry recognition: In fact, many of the world’s most prominent semicon- 
ductor companies have been granted patent and patent/technology licenses covering 
various aspects of these technologies. The companies include Texas Instruments, 
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of 
polycrystalline silicon and thereby dramatically decrease internal time constants in 
MOS devices. Their work has culminated in the successful completion of a program 
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate- 
rial, titanium disilicide. This has enabled Standard Microsystems to become the first 
semiconductor manufacturer to market and sell MOS/VLSI circuits which employ a 
metal silicide to replace the conventional doped polycrystalline silicon layer. 
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Our engineering staff follows the principle that “necessity 
is the mother of invention.” 


This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®, 
and Titanium Disilicide gate technology, as well as other innovative developments. It 
also brings companies to us to solve tough problems that other suppliers can’t. 

But it’s a philosophy that involves more than just developing the next generation of 
MOS/LSI devices. 

Such exploration, for example, helped Standard Microsystems recognize the need 
for communication controllers to handle the latest data communication protocols. 
As aresult, Standard Microsystems was the first to introduce a one-chip LSI controller 
for HDLC protocols—the COM 5025. 

The COM 5025 is so versatile it can actually provide the receiver/transmitter func- 
tions for all the standard bit and byte oriented synchronous protocols, including 
SDLC, HDLC, ADCCP, bi-sync and DDCMP. 

In another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard Microsystems to develop the CRT 5027 
Video Timer and Controller (VTAC®) that provides all these functions on a single 
chip. This left the display, graphics and attributes control spread over another 20 or 
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in 
the CRT 8002 Video Display Attributes Controller (VDAC™). The COPLAMOS® pro 
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for 
fast turnaround of character font changes through its last stage programmability. 

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and 
timing to 2 devices, drastically reducing the cost and size of today’s CRT terminals. 

Another major achievement was the development of the “next generation” Video 
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI 
and MSI TTL devices as well as providing a hardware solution to many of the 
software problems of CRT Video Controller design. 

Achievements like these help keep Standard Microsystems custom and standard 
products in the forefront of technology with increased speeds and densities, anda 
lower cost per function. 


iit : Lee | if 
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Improvements in processing and manufacturing Reep 
pace with advances in semiconductors. 


With the phenomenal growth of the electronics industry, innovation is, of course, 
highly desirable. But if the products are to perform as designed, they also have 
to be reliable. 

That’s why at Standard Microsystems we take every means to insure the utmost 
quality and dependability. Consequently, “state-of-the-art” applies not only to our 
products, but to the way we manufacture them. : 

In wafer fabrication, the latest equipment and techniques areemployed. In addi- 
tion to conventional processing equipment, we use ion implantation technology 
extensively. We also use plasma reactors for much of our etching and stripping oper- 
ations to maintain tight tolerances on process parameters. 

To make plastic packaging immune to moisture, we use a process that deposits a 
protective (passivating) layer of silicon nitride on the device surface. 

Standard Microsystems processes include high and low voltage p-channel metal 
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with 
depletion mode devices, CLASP® and titanium disilicide gate. In general, these 
processes have been engineered so that they are also compatible with most 
industry standard processes. 

One obvious advantage our total capability gives customers, is that they can bring 
us their project at any stage in the development process. For instance, they may 
already have gone through system definition. Or they may have gone all the way to 
prototype masks, and only want production runs. . | 

It makes no difference to Standard Microsystems. We can enter the process at 
any level. 

Our full service capability lets us make full use of the technologies we develop. We 
can produce any quantity of semiconductors customers may require. And we can 
offer them one of the fastest turnaround times in the industry. 


vegeerstt tte pt 
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Standard Microsystems’ Custom Capability. 


Custom MOS. A Small 
- Revolution with a Large Impact. 


Remarkable advances in semiconductor tech- 
nology, combined with the availability of 
quality, low-cost electronics, continue to open 
new markets for products incorporating micro- 
electronic components. 

Today, metal-oxide semiconductor/large 
scale integrated (MOS/LSI) circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electrical 
appliances, electronic toys and games, bank 
terminals, telephones and a host of other signif- 
icant applications. 

With further applications for large scale inte- 
grated and very large scale integrated (VLSI) 
circuits being discovered every day, one thing is 
certain. They will have a profound effect on 
our lifestyle. 


Custom Commitment 


Standard Microsystems is organized into two 
separate Product Lines; Custom Products and 
Standard Products. Custom Products has its 
own management, marketing, and engineering 
team that is fully dedicated to developing and 
producing custom products. 

Custom MOS/LSI is a major portion of our 
business. Fully one-third of all our revenue is a 
direct result of our custom MOS/LSI projects. 

Over the years, Standard Microsystems has 
developed custom circuits for a wide variety 
of applications: Computers and computer 
peripherals, telecommunications and data com- 
munications, garage door openers and burglar 
alarms, electronic toys and games, musical 
instruments and more. Both over-the-air and 

cable T.V. systems have made use of our cus- 
tom circuits. One company’s line of word 
processing equipment makes almost exclusive 
use of our custom LSI. 

As a company committed to serve the custom 
marketplace, Standard Microsystems has 
developed the resources and established proce- 
dures for MOS/LSI circuit development that 
enables the company to respond oe to 
growing customer needs. 


System Design—The Alternatives 


The electronic system designer can select from 
several alternatives in the implementation of the 
system. The optimum selection for any system 
will depend upon the relative significance of the 
following factors— 
¢ Costs—developmental, production and 
maintenance; — 
¢ Performance—speed, power dissipation; 
* Form factor—system size and weight; 
* Uniqueness—proprietary features; 
¢ Development time—product introduction; 
¢ Reliability—-mean time between failures 
(MTBF). 
' No single alternative is best for all cases— 
each represents a combination of advantages 
and disadvantages to be evaluated for the sys- 
tem under consideration. The major alternatives 
available are listed below. 


Standard Circuits 


The use of “off the shelf” small scale (SSD, 
medium scale (MSI), or large scale (LSI) inte- 
grated circuits is appropriate whenever develop- 
ment costs and time must be kept toa 
minimum, and system performance require- 
ments can be met by interconnecting numbers 
of such standard components. Standard Micro- 
systems is a recognized industry leader in 
standard LSI components for the data communi- 


cations and computer peripheral markets. 
_ Microprocessors 


These programmable LSI standard circuits can 
be the elements of choice for certain classes of 
systems where there is a good fit between the 
microprocessor capability and the system 
performance requirements. The system parts 
count is reduced at the expense of a longer 
(software) development time. 


Gate Arrays 


A gate array is a semi-custom circuit containing 
a pattern of elements which can be selectively 
interconnected to form the desired logic. The 
interconnections are typically accomplished by 
a customized metal pattern. 

For low to medium volume production, these 
“hardware programmable” circuits can reduce 
parts count and offer some degree of unique- 
ness, at modest development cost and time. 


The Custom Option 


FOR HIGH VOLUME PRODUCTION, WHERE 
THE DEVELOPMENT INVESTMENT CAN BE 
MADE, THE CLEAR CHOICE IS THE FULLY- 
CRAFTED CUSTOM CIRCUIT. A custom circuit 
implementation will provide— 


Lowest Overall Cost 


The overall cost savings realized with custom 
LSI can be substantial, especially when high- 
volume production is encountered. 

Savings are effected in several ways. Because 
custom designed circuits contain only neces- 
sary components, the cost of unused circuitry 
on standard microprocessors or integrated cir- 
cuits is eliminated. Costs for troubleshooting, 
repair and warranty claims are reduced. In addi- 
tion, custom MOS can be more economical over 
SSI and MSI when purchase, inventory and 
assembly costs are considered. Also, when a 
system contains a large amount of SSI and MSI, 
its custom counterpart can significantly reduce 
power consumption. 


Lowest Parts Count 


There are many applications where a single- 
package custom LSI circuit can out-perform a 
microprocessor and its ROM and RAM circuits 
while reducing costs. A custom LSI unit can rap- 
idly execute repetitive functions using high 
speed logic. A microprocessor needs time-con- 
suming algorithms to do the same thing. 


Highest Reliability 


Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and solder 
points reduce the failure rate and raise the relia- 
bility. This means low MTTR (mean time to 
repair), which translates into lower mainte- 
nance costs and higher customer satisfaction. 


Minimum Size, Weight, Power Dissipation 


The size and complexity of printed circuit 
boards are greatly reduced when using a cus- 
tom circuit. The custom circuit results in a most 
compact package, specifically designed to 
perform only the necessary tasks utilizing mini- 
mum power and space. 


Unique Proprietary Features 


Proprietary design is another major benefit. It 
protects your design from would-be copiers 
because it makes testing and support difficult. 
This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicating 
your custom circuit far less probable. 
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The Full Design Custom 
Program 


Typically in a custom program where Standard 
Microsystems performs all of the operations— 
from design through to finished product—the 

following sequence applies: 


Evaluation 


The customer’s system characteristics are care- 
fully evaluated from the information provided 
to determine the feasibility of the custom 
approach, considering such factors as system 
partitioning, functional performance, opera- 
tional environment, operating speed, power 
requirements, process selection, packag- 

ing and testing. 

If the conclusion is positive, Standard Micro- 
systems will quickly provide a Quotation to the 
potential customer, which will include— 

* a firm development schedule 

* the non-recurring engineering charge (NRE) 

* a production price schedule 


System Definition 


Once the design is authorized, a thorough spec- 
ification review takes place between Standard 
Microsystems’ engineers and the customer’s 
engineers. In this critical phase, Standard 
Microsystems’ years of successful design expe- 
rience are applied as an extension of the 
customer’s design resource in a close working 
relationship. 


Circuit Design 


Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers (VAX, Eclipse, PDP-11), and/or 
breadboard emulators. Circuit simulation is 
done using SPICE, MOSAID, and Standard 
Microsystems written software. 


Artwork Generation 


At Standard Microsystems, device layout is a 
blend of custom “hand-crafting” and sophisti- 
cated CAD, using our Calma GDS I and GDS II 
color graphics systems, to achieve the optimum 
composite drawing in terms of size and sched- 
ule. Check plots are obtained on our Xynetics 
and Versatec plotters, and advanced design rule 
checks (DRC) and electrical rule checks (ERC) 
provide comprehensive artwork verification. 


Mask Fabrication 
Production tooling is obtained from qualified 


mask vendors to Standard Microsystems’ exact- - 
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ing, above-industry standards. Colored overlays 
of each mask layer are typically used as a final 
check point. 


Wafer Fabrication 


Standard Microsystems offers a variety of pro- 
cesses, including a mature p-channel metal 
gate process, and a range of n-channel silicon 
gate processes. We will determine the appropri- 
ate process to satisfy each customer’s cost/ 
performance requirements. 

All wafer processing is done in our facilities, 
utilizing state-of-the-art equipment. Standard 


Microsystems has made substantial investments 
in direct-step-on-wafer equipment, and 
advanced ion-implantation, sputtering, deposi- 
tion and plasma etch equipment. 


Assembly 


Standard Microsystems can provide a wide vari- 
ety of industry-standard packages, including 
ceramic, plastic and CERDIP dual-in-line types, 
flat-packs and chip carriers. The latest in 
automated equipment, such as our automatic 
wire bonders, insure high quality and high 
volume throughput. 


SMC PROCESS CHARACTERISTICS 


TYPICAL 
SUPPLY 
VOLTAGES 


MASK 
PROCESS ENE 


MAX. 
FREQ 
(MES) 


FEATURES/COMMENTS 


3000 +5, —12 1to3 p-channel metal gate. Enhancement . 
mode, most mature process, low 
performance. 


+5, +12 
—3 (or pump) 


n-channel si-gate. Enhancement 
mode, most mature n-channel 
process, moderate performance. 
Substrate bias required. 


6000 P| ein |" Same as 5000 process with buried 
—3 ‘(or pump) contacts. 


n-channel si-gate. Enhancement/ 
depletion mode, buried contacts, 
moderate to high performance. No 
substrate bias required. 


+5 6to 15 Same as 7000 process without buried 
contacts. 


+5 9 to 25 Very high performance n-channel si- 
+ 12 (optional) gate. Enhancement/depletion mode. 


—3 (or pump) 


Customer Owned Tooling 


An area of continuing interest to Standard 
Microsystems is that of Customer Owned 
Tooling (COT) or Customer Supplied Tooling 
(CST). In contrast to a full custom design pro- 
gram where Standard Microsystems is responsi- 
ble for the MOS design, a COT/CST program 

is one in which the design function will be 
completed by the customer or an outside 
design house. 

Many customers find it desirable to develop 
an in-house LSI design capability, for their inter- 
nal circuit requirements. Standard Microsys- 
tems can provide valuable assistance in 
achieving this goal. 





Substrate bias required. 


The customer then provides Standard Micro- 
systems with either a completed composite 
drawing, a data base tape (in suitable format), 
or an actual processing mask set. Whatever the 
entry level, Standard Microsystems is prepared 
to carry the program through to completion. 

If the design is in the formative stages, the 
requirements will be studied and the most 
suitable set of design rules will be provided. 

If the design is already completed, Standard 
Microsystems will examine the design rules 
used and recommend which of our processes 
is most compatible. If small variations to 
our “standard” processing are required, they 
can usually be accommodated at little or 
no expense. 


Standard Microsystems has developed com- 
prehensive test sites that are incorporated into 
our masks for the purpose of parametric and 
quality assurance measurements. Automated 
equipment collects and stores measurements 
from these test sites. If a customer purchases 
wafers from us, these measurements are pro- 
vided with the wafers. If a customer chooses to 
have masks fabricated himself, our test site can 
be provided for incorporation into the masks. 

Standard Microsystems is also prepared to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. 

Of course, packaging and burn-in are 
also available. 

Whichever approach is taken, Standard 
Microsystems wants to partcipate ina 
partnership that makes best use of our respec- 
tive areas of expertise. We'll work together to 
bring the project to completion; on time and 
on budget. 


Customer Interface 


Standard Microsystems is a “full capability” 
company. We have the resources—an experi- 
enced staff and state-of-the-art equipment—to 
design, process, package and test our Custom 
MOS circuits. 

Our customers are becoming increasingly 
aware of the benefits of custom circuits in their 
product lines. They know their products and 
markets best. Some have developed the techni- 
cal expertise to perform or participate in the 
early design phases of a custom program. For 
this reason, Standard Microsystems offers a var- 
iety of customer interface possibilities to serve 
the broadest possible market. 


Communications: The Key to 
Custom Development 


On every Custom program, we establish com- 
munications with our customers that last 
throughout the development and production 
phases. 

Our engineers work in an environment that 
stimulates creativity while encouraging adher- 
ence to pragmatic objectives. The status of each 
program is closely monitored. Strict scheduling, 
thorough program management and frequent 
customer contact have become the hallmark of 
a Standard Microsystems Custom program. 
Numerous testimonials from satisfied cus- 
tomers give evidence of our ability to perform— 
to specification and on time. 
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_ SECTION II 





STANDARD MICROSYSTEMS 
——_— 


Quality Assurance 
and Quality Control 


Volume manufacturing of quality products requires a rig- 
orous commitment on behalf of STANDARD MICRO- 
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin- 
gently to documented procedures which have produced 
a product of proven reliability. 


The design of areliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated first by prototype wafer 
runs and thorough preliminary production and device 
characterization. 


Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 


material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. Quality Circles operate within the manufac- 
turing organization to reduce the cost of quality and 
improve the product. 


The Quality Assurance Department is the customer rep- 
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 


The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 


1.0 Scope 

The measures taken by SMC to produce reliable inte- 
grated circuits and the assembly/screening options 
available to the customer are given in this section. 


2.0 Approach 

Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro- 
cess control, test and characterization, quality conform- 
ance/reliability testing, and failure analysis. 


3.0 Applicable Documentation 


SMC internal specifications define every phase of pro- 
duction and must be approved by the designated rep- 
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and Quality Assurance departments. 


3.1 Design Rules (DR-XXXX) 


3.1.1. Geometric design rules define layout consider- 
ations, alignment structures, critical-dimension targets, 
and input-protection networks. 


3.1.2 Electrical design rules define performance cri- 
teria, measurement methods, device parameters, and 
process parameters. 


3.2 Purchase Specifications (PS-XX) 
’ All critical material is purchased to SMC specifications 
from qualified vendors. 


3.3 Process Specifications (WX-XX, AX-XX) 


3.3.1 The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 


3.4 Quality Control Procedures (QC-XX) 


QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 
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3.5 Quality Assurance Procedures (QA-XX) 


QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 


4.0 Military Standards and Specifications 


MIL-C-45662 Calibration System 
Requirements 

MIL-M-38510 General Specification for Micro- 
circuits 

MIL-M-55565 Packaging of Microcircuits 

MIL-Q-9858 Quality System Requirement 

MIL-STD-105 Sampling Procedures and Tables 
for Inspection by Attributes 

MIL-STD-883 Test Methods and Procedures for 
Microelectronics 

MIL-STD-976 Certification Requirements for 
JAN Microcircuits 

MIL-STD-1331 Microelectronics Terms and Defi- 
nitions 


5.0 Package Options, Features 
5.1. Ceramic (no suffix) 


50, inches gold plating on external leads and die cavity, 
gold eutectic die attach. 


5.2 Tin-Plated Ceramic (Suffix “TC”’) 


Over 200, inches tin plating on external leads, gold on 
die cavity, gold eutectic die attach. 


5.3 Cerdip (Suffix “CD’’) 

Meets MIL-STD-883 internal moisture content require- 
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 


5.4 Plastic (Suffix ‘‘P’’) 


The plastic used is a B-type epoxy or an approved 
advanced type having better resistance to a humid envi- 
ronment. Gold eutectic die attach and gold bond wires 


are used. Lead material is MIL-M-38510 para 3.5.6 type 
B (42 Alloy) with a solder lead finish. 


6.0 Screening Options 
6.1 High-Reliability Screening 


The routing is as defined in MIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 10.2) is taken on generically similar parts. A sam- 
ple flow chart for ceramic product is given on page 6. 


6.1.1. Internal Visual 


Both Die and Preseal Visual inspections are to the cri- 
teria of Method 2010, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 


6.1.2 Stabilization Bake 


All parts are placed in 150°C storage for 24 hours per 
Method 1008, Condition C of MIL-STD-883. 


6.1.3 Temperature Cycling 


All parts are subjected to 10 cycles of — 65°C to + 150°C 
per Method 1010, Condition C of MIL-STD-883. 


6.1.4 Constant Acceleration 


All parts are subjected to a 30,000 g force in the Y1 ori- 
entation per Method 2001, Condition E. 


6.1.5 Seal 

Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

6.1.6 Pre burn-in Electrical Test 

Ordinarily this is the same as final electrical test. 

6.1.7 Burn-in 


Condition A and Condition D of MIL-STD-883, Method 
1015 are available. The stress is applied for 168 hours at 
125°C or at other temperatures according to the time- 
temperature regression. 


6.1.8 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

6.1.9 Final Visual Inspection 

All parts are inspected to Method 2009 of MIL-STD-883. 


6.2 Standard Screening 


Standard Screening is designed for the industrial-com- 
mercial customer and is available in all package types. 
For hermetic packages, temperature cycling, centrifuge 
and hermeticity are specified as well as die, preseal, and 
final visual inspection. 


6.2.1 Standard Die and Preseal Visual Inspections 
(AC-04, AC-08) 

These inspections were developed from Method 2010 of 
MIL-STD-883. The inspection criteria are specific to SMC’s 
pMOS and nMOS COPLAMOS® technologies. 

6.2.2 Temperature Cycling (AC-15, AD-13) 


Temperature cycling is performed to the MIL-STD-883, 
equivalent of Method 1010, Condition C, — 65°C/+ 150°C, 
ten cycles. 

6.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14) 


Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001, Condition E, 30,000 g in the 
Y1 orientation. 

6.2.4 Hermeticity (AC-11, AD-15) 


Includes fine and gross leak testing to SMC equivalent 
of MIL-STD-883 Method 1014 Conditions A and C. 
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6.2.5 Final Electrical Test 


Verifies functional and parametric performance to the 
device specifications. 


6.3 Custom Screening 


Certain applications require special screening which can 
be arranged upon request. 


7.0 Electrical Test 
7.1. Probe and Final Test 


SMC test programs are developed by the Test Engi- 
neering Department and verified by device characteri- 
zation. An approval procedure is required for the transfer 
of a new test program or a revised test program from 
engineering to production. 


7.2 Characterization/correlation 


Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™ test sys- 
tems. 


7.3 Product Engineering 


SMC product engineers characterize parts to improve 
processing target parameters and test correlation with 
customers. 


8.0 Purchased Material 


All manufacturing materials are purchased from quali- 
fied vendors to SMC procurement specification. 


9.0 Quality Control 


The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec- 
tion, in-process audits, out-going inspection, document 
control, processing returned material and certification of 
compliance to specification. 


9.1 Incoming Inspection 

Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an approved 
vendor list and interfaces directly with vendor QC 
departments. 

9.2. In-process Audits 

QC performs an on-going monitoring of wafer process- 
ing, test and assembly functions. 

9.3 Outgoing Inspection 

QC inspectors verify proper documentation and perform 
an external mechanical/visual inspection on each lot prior 
to shipment. 

9.4 Document Control 

All procedures for design, wafer processing, assembly, 
quality control and quality assurance are maintained by 
document control. 

9.5 Returned Material Processing 


Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec- 
trical testing. 

9.6 Certificates of Compliance 


Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 


10.0 Quality Assurance 
The Quality Assurance Department is the customer’s 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist- 
ing processes, material analysis, failure analysis, and 
development of evaluation methods. 


10.1. Process Qualification 


All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 


10.2 Quality Conformance Test 


Samples of finished product are tested periodically to the 
criteria of QA-01 (see table 2). This test sequence pro- 
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 


10.3 Analysis 


10.3.1 The analytical facilities include a scanning 
electron microscope (SEM), an infrared microscope, 
optical microscopes, an X-ray unit and electronic test 
instruments. ' 


10.3.2 Scanning electron microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 


10.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 


10.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi- 
neering development. This characterization is per- 
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 


11.0 Lot Traceability 


SMC maintains full lot traceability on all product types in 
all packaging options (including plastic). The informa- 
tion available includes: 


11.1. Wafer Processing Records 


Sign-off and date on all operations, critical measure- 
ments and inspection records. 





TABLE 1 
WAFER LOT ACCEPTANCE 


LIMIT SAMPLING PLAN 


minimum thickness 0.010 in. exceeds MIL-M-38510 
minimum of .006 in. 


17,500 A + 2,500A 


A Vip < 0.5 volts : 


LTPD = 10 (Incoming) 

one wafer per metallization run 
test piece each tube change, each 
week, and each wafer lot 


device Vn enhancement, depletion as applicable 


parameters 
ps polysilicon 
ps mesa (n+) 
dielectric strength (BV.,) 


n+ diode breakdown (BV, +) 


Mil-Std 883 Method 2018 


3,000 A minimum Silicon Nitride 
5,000 A minimum Silicon Dioxide 


DATE CODE INTERPRETATION 


82, 41 M 
the last two digits of the number of year J 
the calendar week of the year 


wafer lot identification suffix 





K’ enhancement, depletion as applicable 


each wafer 


each week on each process : 


one test piece per deposition run 








DEVICE TYPE 


PIN 1 


INDICATION DATE CODE 


ASSEMBLY LOCATION 
(IF OTHER THAN U.S.A.) 





BOTTOM MARKING 


11.2 Wafer Lot Acceptance (Mapping) 11.3. Wafer Probe and Final Test Data 


(see table 1) These are correlated with mapping results to develop 
Device parameters are recorded using a precision par- optimized process targets and yield improvement. 
ametric interface to a Digital Equipment Corporation PDP 

11/23 computer. The data base at wafer map includes 11.4 Assembly Records 

probe, final test and wafer processing records (run Inspection results and screening throughput is recorded 
sheets). with date and sign-off for each lot. 
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TABLE 2—QA-01 QUALITY CONFORMANCE TEST 


Mil Std Quantity/ 
883 accept no. or 
Condition LTPD Frequency 
2 devices every package 
(no failures) lo 
2015 Marking Permanence 4 devices every 
(no failures) shipment 


15 periodic 
conformance 





GROUP B TESTS 


Subgroup 4 
Internal visual and Failure criteria from design 1 device periodic 
mechanical and construction (no failures) conformance 
requirements of applicable 
procurement document 


Subgroup 5 
Bond strength periodic 
(1) Thermocompression (1) Test condition C or D conformance 
(2)Ultrasonic or wedge (2) Test condition C or D 
Die sheer strength 
Subgroup 6 ; 
Internal water-vapor 5,000 ppm maximum water 3 devices periodic 
content content at 100°C (no failures) or conformance 
5 devices 
(1 failure) 


Subgroup 7 
Seal AC-11 1014 As applicable periodic 
(a) Fine conformance 
(b) Gross 


5 
Subgroup 8 

Electrical parameters Group A, subgroup 1 15 new device 
Electrostatic discharge Test condition A or B types 
sensitivity 

Electrical parameters Group A, subgroup 1 


Mil Std Quantity/ 
883 accept no. or Package 
Method Condition LTPD Type 


1005 Test condition to be 5 
specified (1,000 hours at 
125°C) 
As specified in the 
applicable device 
specification 


15 all 
hermetic 





GROUP C TESTS—DIE RELATED 


SMC Test 
Test Method 


Subgroup 1 


Steady state life test 


















QA-02 








End-point electrical Final test 


parameters 
















Subgroup 2 
Temperature cycling 
Constant acceleration 











Test condition C 
Test condition E min. 
Y, orientation only 


AC-15 
AC-16 




























Seal AC-09 As applicable 

(a) Fine 

(b) Gross 

Visual examination QC-22 

End-point electrical Final test As specified in the 





applicable device 
specification 
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parameters 





GROUP D—PACKAGE RELATED 


SMC Test 
Test Method 
Subgroup 1 
Physical dimensions QC-22 2016 


Subgroup 2 


Lead integrity QC-19 
Seal AC-11 


(a) Fine 
(b) Gross 
Lid torque 


Subgroup 3 
Thermal shock 
Temperature cycling 


Moisture resistance 
Seal 

(a) Fine 

(b) Gross 

Visual examination 


End-point electrical 
parameters 


Subgroup 4 
Mechanical shock 
Vibration, variable 
frequency 
Constant acceleration 


Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


Subgroup 5 
Salt atmosphere 
Seal 
(a) Fine 
(b) Gross 
Visual examination 


Subgroup 6 
Internal water-vapor 
content 


Subgroup 7 
Adhesion of lead finish 


Subgroup 8 

Humid Environment QA-04 
End-point electrical 
parameters 


Subgroup 9 
Autoclave (Pressure 
Cooker) 
End-point electrical 
parameters 


QA-05 


Final test 


Final test 


Mil Std 


883 


Method 


2004 
1014 


2024 


Test condition B2 (lead 
fatigue 
As applicable 


As applicable 


Test condition B, 15 cycles 
Test condition C, 100 
cycles 


As applicable 


Per visual criteria of 
Method 1004 and 1010 
As specified in the 
applicable device 
specification 


Test condition B minimum 
Test condition A minimum 


Test condition E minimum, 


Y, orientation 
As applicable 


As specified in the 
applicable device 
specification 


Test condition A minimum 
As applicable 


Per visual criteria of 
Method 1009 


5,000 ppm maximum water 
content at 100°C 


1000 hours 85°C/85% 
Relative Humidity 


24 hours at 2 atm 121°C 
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Package 
Type 


hermetic 


cerdip only 


all 
hermetic 


all : 
hermetic 


all | 
hermetic 


3 devices all 


(no failures) hermetic 


or 5 devices 
(1 failure) 


— 





HI REL AVAILABLE 
CERAMIC ON ALL HERMETIC PACKAGES* 


WAFER LOT ACCEPTANCE WAFER LOT ACCEPTANCE 


WAFER PROBE WAFER PROBE 
AC-01 SAW AC-01 SAW 


AC-02 BREAK AC-02 BREAK 
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AC-03 DIE PLATE AC-03 DIE PLATE 


AC-04 STD DIE VISUAL DIE VISUAL 


METHOD 2010 COND. B 


QC-09 DICE INSPECTION AUDIT 
QC DIE VISUAL AUDIT 


AC-05 DIE ATTACH METHOD 2010 COND. B 


AC-13 DIE SHEAR AUDIT ADE Sn 


METHOD 2019 


AC-06-AL WIRE BOND | AC-07-AU WIRE BOND DIE SHEAR STRENGTH 
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AC-14 BOND STRENGTH AUDIT 


AC-08 PRE-SEAL VISUAL INSP METHOD 2011 BOND STRENGTH 


QC-09 PRE-SEAL AUDIT PRE-SEAL VISUAL 


METHOD 2010 COND. B 


AC-09 SEAL 


PRE-SEAL VISUAL AUDIT 


AC-10 MARK METHOD 2010 COND. B 


AC-15 TEMP CYCLE —65/+150°C 10 CY AC-09 SEAL 


AC-16 CONST ACCEL Y1-30,000 G AC-10 MARK 


AC-11 HERMETICITY METHOD 1008 STABILIZATION BAKE 


METHOD 1010 COND. C 


een TEMP CYCLE 


FINAL TEST METHOD 2001 COND. E 


CONSTANT ACCELERATON 
PACK 


METHOD 1014 SEAL 
(HERMETICITY) 


QC-22 OUTGOING AUDIT 


QUALITY ASSURANCE AUDIT AC-12 TRIM 


SHIP PRE-BURN-IN TEST 
METHOD 1015 BURN-IN 
FINAL TEST 
PACK 


METHOD 2009 
EXTERNAL VISUAL 


QC-22 OUTGOING AUDIT 


pastes a foe aere . é QUALITY ASSURANCE AUDIT 
This High Reliability flow chart applies to ceramic product. 


Similar flow charts exist for cerdip and TC packaging. All HIP 
ACXX, QCXX procedures are under SMC Document Control. s 
All Method XXXX procedures are MIL-STD-883 Test Methods. 
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PLASTIC (NOTE 1) CERDIP 
WAFER LOT ACCEPTANCE WAFER LOT ACCEPTANCE 
WAFER PROBE WAFER PROBE 
SAW/BREAK AD-01 SAW 
DIE PLATE AD-02 BREAK 
SECOND OPTICAL DIE VISUAL AD-03 DIE PLATE . 
DIE VISUAL AUDIT AD-04 STANDARD DIE VISUAL 


DIE ATTACH QC-09 DICE INSPECTION AUDIT 


AD-05 DIE ATTACH 
AD-07 WIREBOND 
THIRD OPTICAL PRE-SEAL VISUAL 


PRE-SEAL AUDIT 


AD-09 PRE-SEAL VISUAL INSPECTION 
MOLD - QC-08 PRE-SEAL AUDIT 
BACK-SIDE MARK AD-10 PRE-BAKE 
TRIM/FORM AD-11 SEAL 
SOLDER DIP AD-12 MARK 


MARK PS-10 TIN PLATE 


OPEN/SHORT TEST PS-10 VISUAL INSPECTION 


EXTERNAL VISUAL QC-15 SOLDERABILITY AUDIT 


MECHANICAL/VISUAL AD-13 TEMP CYCLE 


MARKING PERMANENCE 
AD-14 CONST ACCELERATION 


FINAL ELECTRICAL TEST 
AD-15 HERMETICITY 


PACK 
AD-16 TRIM 


QC 22 OUTGOING QC AUDIT 


FINAL ELECTRICAL TEST 


QUALITY ASSURANCE AUDIT 
PACK 


QC-22 OUTGOING QC AUDIT 


QUALITY ASSURANCE AUDIT 


SHIP 


SHIP 


Note 1—Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 
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<a Data Communication Products 


Max Power 
Description Baud Rate | Supplies 


MIL-STD-1553 (Manchester) Interface 1 MB 
1553A UART Controller 


Asynchronous/Synchronous 
Transmitter/Receiver, Full Duplex, 5-8 
data bit, 1X or 32X clock 

COM 1863 Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1,1%, 2 stop bit, enhanced distortion 
margin 
Universal Asynchronous Receiver 
Transmitter, Full Duplex, 5-8 data bit, . 40 DIP 67-74 
1, 1%, & stop bit 
Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, ‘ 40 DIP 67-74 
1, 1%, @ stop bit 


Synchronous/Asynchronous 40 DIP 75-90 
Receiver/Transmitter 

Universal Asynchronous Receiver/ 

Transmitter, Full Duplex, 5-8 data bit, ; 40 DIP. | 67-74 
1, 8 stop bit 

Universal Asynchronous Receiver/ 

Transmitter, Full Duplex, 5-8 data bit, 40 DIP 67- 74, 
1, 8 stop bit 


Universal Synchronous Receiver/ 
Transmitter, STR, BSC, Bi-syne 5, -12 40 DIP 91-98 
compatible 

















SECTION tl | 




















ale 




















Multi-Protocol | SDLC, HDLC, ADCCP, Bi-sync, DDCMP 
USYNRT compatible, automatic bit stuffing/ 
stripping, frame detection/generation, 


40 DIP | 123-1354 
CRC generation/checking, syne detection 


32 Bit CRO Companion device to COM 5025 
Generator/ for 32 bit CRC 20 DIP. 1135-140 
Checker 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 40 DIP. 1141-148 
1,1%, 2 stop bit 


USART/PCI Denes Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 11%, 2 stop bit, 1X, 16X, 28 DIP" }'89-110 
64X clock 
USART/EPCI Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 144, 2 stop bit, 1X, 16X, a6 DIP |111-122 
64X clock 
+5,4+12 











Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 144, 2 stop bit, enhanced distortion 40 DIP. 88-66 


margin 
28 DIP {149-164 


Universal Synchronous/Asynchronous 
(40DIP /|141-148 





Receiver/Transmitter, Full Duplex, 5-8 
data bit, 1, 144; 8 stop bit 5 
Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data, bit, 
1, 2 stop bit 








F 
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STANDARD MICROSYSTEMS 
——$-— 


COM 1553A 


[LPC FAMILY 


MIL-STD-1553A “SMART°” 


FEATURES 


LJ Support of MIL-STD-1553A 
CL) Operates as a: Remote Terminal Responding 
Bus Controller Initiating 

C] Performs Parallel to Serial Conversion when 
Transmitting 

C] Performs Serial to Parallel Conversion when 
Receiving 

(] Compatible with HD-15531 Manchester Encoder/ 
Decoder 

LJ All Inputs and Outputs are TTL Compatible 

C) Single +5 Volt Supply 

CL] COPLAMOS® N Channel MOS Technology 

C Available in PC Board Form from Grumman 
Aerospace Corporation 


PIN CONFIGURATION 


“O" MSG FLG 
“O" WRO FLG 
IVWEF 
DTA AVL 
RCV INT 
TX INT 
CMD SYN 
DTASYN 33 ADS 
RCVNRZ 9 32 RDE 
SWE 10 3107 
POR 11 30 D6 
TA 12 29 DS 
RCV CLK 13 28 D4 
VW 14 27 D3 
SEND DATA 15 26 D2 
DTARQST 16 2501 
MSG COMPLT 17 24 DG 
TX ENA 18 23 TDE 
TX CLK 19 22 TX MODE 
XMIT NRZ 20 21 BC 


40 GNO 
39 BDCST 
38 Vcc 

37 ADI 

36 AD2 
35 AD3 

34 AD4 


Oman mn sk WN = 


PACKAGE: 40-pin D.1.P. 





GENERAL DESCRIPTION 


The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD- 
1553A serial bit stream. 


The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the “hand 
shaking” required between a Manchester decoder/ 
encoder and a microprocessor as well as the protocol 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 


The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 


detection for the first five bits of the serial data input. 


If all 1s appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 


When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 


word, and formats it into two parallel (8 bit) bytes for 
presentation to the I/O bus under processor or hard 
wired logic control. 


In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 


The COM 1553A can be set up as either a remote termi- 
nal ora bus controller interface. 

The COM 1553A is compatible with Harris’ HD-15531 
CMOS Manchester Encoder-Decoder chip and inter- 
faces directly with it. A 3 device kit consisting of: SMC’s 
COM 1553A, Harris’ HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 

Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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BLOCK DIAGRAM 1 


MSG CMPLT 
INV WORD 
FLG 


TERMINAL 
ADDRESS 


ADS 
CMD SYNC 
DATA SYNC 
VALID WORD ——> 
TX ENABLE 
SEND DATA CONTROL 


DATA REQ 
DATA AVAIL 


RCV INTERRUP1 


TX INTERRUPT TX BUFFER 
INTERRUPT ACK ae 


16 BIT TX S/R 


8 BIT BIDIRECTIONAL 
DATA BUS 


READ DATA 
ENABL 
TAKE DATA 
ENABLE 
STATUS WD 
NABLE 


CONTROLLER 








COMMAND SYNC 
HARRIS 
HD 15531 DATA SYNC 


ENCODER/ | RCV NRZ 
DECODER RCV CLK 






























"0" MESSAGE FLG 
"0" WORD FLG 
INVALID WORD FLG 
MESSAGE COMPLETE 
ee eee BROADCAST 
XMIT NAZ DATA REQUEST 
DATA AVAIL 
RCV INTERRUPT 
TX INTERRUPT 
TAKE DATA ENBL 
Sa Se ee 
fg—IXMODE 


TX MODE 
BUS CONTROLLER 







PROCESSOR 
INTERFACE 

















1553A DATA BUS 











TX ENABLE 
SEND DATA 






MANCHESTER 












5 
AD1-AD5 


BLOCK DIAGRAM 2 | RODRESS 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. NAME SYMBOL FUNCTION 


“0” MESSAGE FLAG The ZERO MESSAGE FLAG outputis set when the 7th 
through 11th bits of the NRZ serial input data in a command 
envelope (see figure 1) are zero. @MF is an open drain output. 













The ZERO WORD FLAG output is set whenthe 12ththrough 
16th bits of the NRZ serial input data ina command envelope (see 
figure 1) are zero. OWF is an open drain output. 


“@” WORD FLAG 















INVALID WORD 
FLAG 


gi DATA AVAILABLE DTA AVL 
RECEIVE INTERRUPT RCV INT 


The INVALID WORD FLAG output is set when the word just 
received has an invalid parity bit or invalid format. IVWF is an open 
drain output. 






DATA AVAILABLE is set when a word received is ready to be read. 
When the COM 15532 is the bus controller, DTA AVL occurs on 
commana, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 
drain output. 







RECEIVE INTERRUPT is set to zero when the 6th bit following a 
command sync is azeroand thefirst5 bits match AD1-ADS. RCV INT 
is reset to one by IA or POR, or if the line is not active for 32 
receive clocks. 
















TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync is a one, and thefirst5 bits match AD1-AD5. TXINT is 
reset to one by IA or POR. 













TRANSMIT INTERRUPT TX INT 
COMMAND SYNG CMD SYN 
DATA SYNC DTA SYN 





COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NRZ data 
of acommand word. 







DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 







Receiver serial input from Manchester decoder. Data must be stable 
during the rising edge of the receive clock. 






SWE is the output enable for the following open drain outputs: 





RECEIVER NRZ RCV NRZ 
POWER ON RESET. Active low for reset. 
TA resets TX INT, REC INT, OMF, @WF and BRD CST. 1A may occur 


STATUS WORD 
ENABLE 
* ee between the trailing edges of receive clocks 6 and 10, orbetween the 






POWER ON RESET 
leading edge of receive clock 12 and the falling edge of receive clock 


INTERRUPT ACKNOWLEDGE 
15, or after the falling edge of clock 17. 








RECEIVE CLOCK RCV CLK } The RECEIVE CLOCK is synchronous with the Receiver NRZ input 
during the command sync or data sync envelopes. 

VALID WORD VW This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 
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DESCRIPTION OF PIN FUNCTIONS 


NAME SYMBOL FUNCTION 

SEND DATA SEND DATA is a “handshake” signal received from the Manchester 
encoder indicating that the encoder is ready for the COM 1553A to 
transmit data. SD will bracket 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 

when SD is low. 

DATA REQUEST DTA RQST_ | DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 


MESSAGE COMPLETE MSG CMPLT | Inthe receive mode the MESSAGE COMPLETE output is set low 
when the appropriate number of data words have been received. In 
the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 
When the COM 1553A is a bus controller, MSG CMPLT will be 


asserted low when 33 command status or data words have been 
TRANSMIT ENABLE TXENA 


transmitted. MSG CMPLT is an open drain output. 
TRANSMIT CLOCK TXCLK Transmitter shift clock. 
TRANSMIT NRZ XMIT NRZ Serial data output to the Manchester Encoder. 


BUS CONTROLLER BC determines whether the COM 1553A is acting as bus controller 
(BC =0) or as a remote terminal (BC = 1). 
TRANSMIT MODE TXMODE ae input controlling transmission. See TXENA 
(pin 18). 
TAKE DATA ENABLE TDE is an input from the system initiating transmission. Two TDE 
pulses are required for each 16 bit data word, one for each 8 data 
bits placed on D@-D7. 
24-31 DATA BUS DQ-D7 Bidirectional 8 bit Data Bus to the system. D@ is the LSB. D@-D7 
present open drain outputs. 
READ DATA ENABLE RDE is an input from the system instructing the COM 1553A toplace 
the received data onto D@-D7. Two RDE pulses are required per 16 
33-37 | ADDRESS AD5-AD1 ~ 
user address. 


bit data word, one for each 8 bits. 
POWER SUPPLY | veo | +5 Volt supply. . 
BROADCAST BDCST BDCST is set low when a “broadcast” command word (the address 


PIN NO. 
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A TRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TXENA is generated 
under the following conditions: 
1) COM 1553A is a bus controller: A TXMODE pulse will set TXENA. 
A second TXMODE pulse will reset TXENA. 
2) COM 1553A is a remote terminal. A Transmit Command from the 
Controller will cause a TRANSMIT INTERRUPT (see pin6). When 
this is acknowledged by a TXMODE pulse from the system, TXENA 
will be set. 
TXENA will then be reset by either ; 

A) Send Data Command associated with the last data word. 

B) asecond TXMODE pulse. 
3) COM 1553A is a remote terminal. The falling edge of aDATA 
SYNC associated with the last data word of a message while in the 
receive mode. TXENA will be reset during the next SEND DATA 
envelope. 


























AD1-AD5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 


(ee) 
Nh 















bits all set to “one”) is being received. BDCST is reset by IA. 
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OPERATION...RECEIVE MODE 


The COM 1553A is considered in the receive mode when 
TXENA = 0. The most significant bit of both command 
and data words is received first. 


Message reception is initiated when CMD SYN goes 
high. The next 16 receive clocks are used to shift serial 
data into RCV NRZ. 


The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
Should the address bits compare, the sixth bit is 
examined. If it is a zero, a RECEIVE INTERRUPT is gen- 
erated. If itis a one, a TRANSMIT INTERRUPT is 
generated. 


Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a“ZERO MESSAGE” and all 
zeros in bit field 12-16 denotes a “ZERO WORD.” 


Receipt of a data word is indicated when DTA SYN 
goes high. 


When DTA SYN or CMD SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1) will be enabled 
onto the 8 bit data bus on receipt of the first RDE pulse 
(RDE1). The second byte will be enabled on receipt 
of the second RDE pulse (RDE2). 


A DATA AVAILABLE is generated for data words only. 
However, data will be available on D@D7 for both com- 
mand and data words. 


If 32 clocks are received after the rising edge of CMD 
SYN or DTA SYN an “Idle Line Reset” condition exists. 
This implies that anew CMD SYN or DTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The “Idle Line Reset’ will reset the 
following signals: 





REC INT “0” MSG FLG 
TX INT “O” WRD FLG 
BRD CST 


When the commanded number of data words have been 
received, a MESSAGE COMPLETE signal is generated. 


As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited during 
transmission: 


BC =0 BC =1 
REC INT DAT AVL 
XMT INT IVWE 
BRD CST REC INT 
QWF XMT INT 
OMF OMG 
JAM MESSAGE ERROR* Q@WF 

; BRD CST 


JAM MESSAGE ERROR" 


*JAM MESSAGE ERROR is an internal signal. See 
OPERATION... TRANSMIT MODE. 


SP aE ES ET TDI EET EIS 
OPERATION... TRANSMIT MODE 


The COM 1553A is considered in the transmit mode 
when TXENA = 1. This is caused by a TXMODE pulse 
(see description of pin functions, pin 18). The TMMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 


When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA = 1. The COM 1553A will 
then send the system a DATA REQUEST. 


Data is loaded into the transmitter data buffer from the 
8 bit data bus by pulsing TDE. The 8 most significant 
bits are loaded in by the first TDE pulse (TDE1), the 8 
least significant bits by the second TDE pulse (TDE2). 


When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig- 
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 





To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will “jam” the first 
(most significant) 6 bits of the status word into the 
transmit register when BC is high. These bits will 
automatically be sent at the first SEND DATA pulse. In 
general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. If it is desired to send additional status 
information (for MIL-STD-1553B ), a TDE1 pulse will load 
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the least significant 2 bits of the first 8 bit byte, and a 
TDE2 will load all 8 bits of the second byte. Note that 
these TDE pulses must be sent (and data presented) 
before the first SD = 1 response from the Manchester 
Encoder. 

A JAM ADDRESS occurs when 1) a transmit command 
is addressed to the COM 1553A 2) A TXMODE pulse is 
received and 3) a valid word signal is received. Upon a 
JAM ADDRESS the COM 1553A will load its address into 
the first 5 bits of the transmit register. 

Alternatively, a JAM ADDRESS will also occur at the 
fall of the last data sync after valid receive command 
has been detected. 


The JAM ADDRESS function will be inhibited if a “O” 
word and “0” message condition exists in the command 
word. The JAM ADDRESS will be reset by the leading 
edge of SEND DATA. 


The JAM MESSAGE ERROR function occurs when, in 
the receive mode, a data word is not followed by a 
VALID WORD. signal. JAM MESSAGE ERROR consists 
of loading a one in the sixth bit location of the transmit 
shift register (the message error location). 


JAM MESSAGE ERROR is inhibited when the transmit 
command word contains “0” Message and “0” Word 
fields. 

When the commanded number of data words has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 
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GENERAL OPERATION NOTES 


1. BUS CONTROLLER. When BC =(Q, signifying that the COM 1553A is the bus controller the following is true: 
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This 
allows the bus controller to receive command, status or data words regardless of their address. 
B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 
C. The jam functions are inhibited. 


2. INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of all words. This includes words received from the same device's transmitter. (This 
provides a validity test of the controller transmission). 


When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 


IVWF will be set for the following conditions: 


Message type Word Terminal is IVWF generated 
Transit Group Transmit command receiving yes 
Status word transmitting no 
Data word transmitting no 
Receive Group Receive command receiving yes 
Data word receiving yes 
Status word transmitting no 
Receive/Transmit Receive command receiving yes 
Group (this Transmit command receiving no 
terminal addressed Status word receiving no 
to receive) Data word receiving yes 
Status word transmitting no 
Receive/Transmit Receive command receiving no 
group (this terminal Transmit command receiving yes 
addressed to Status word transmitting no 
transmit) Data word transmitting no 
Status word receiving no 





3. POWER ON RESET. During power-up, POR is a low to high exponential with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 


has stabilized. 


POR initializes the following outputs: 


@MG REC INT TDE 
QWF MSG CMPLT DTA AVL 
BRD CST IVW TXENA 
XMT INT RDE DTA RQ 


The following circuit may be used to implement POR. 






10K 


4.WORD COUNT: Word count is decoded as follows: 


TRIGGER 


TO OTHER SYSTEMS 


iN914 or equiv. 


POR 


D1 D2 D3 D4 D5 Word Count 


00001 1 
00010 2 
eae He ta 31 
00000 32 
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TRANSMIT TIMING FIGURE 1 


je 1 —>]|~— 2 >} — 3 |e 4 — > | | ~+— 18 —>}~«— 19>} 20 —»| 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range rsx tans eset ee hideat seek elven he eyelet eee dna bos -55°C to +125°C 
Storage Temperature Range. sees. 8 idee dassakan vedae ine ws chad yee Veau vd cheeses ses ~55°C to +150°C 
Lead Temperature: (soldering, 10 SOQ) s:<.15si. doscie ne Red See ewe. os Gea eee ewan Maw ee ares +325°C 
Positive Voltage on any Pin, with respect to QrOUNd ......... cece ee cece cece ee erent cence een eeee +8.0V 
Negative Voltage on any Pin, with respect to Ground ....... ccc eect e eee e eee eee teen eee -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 +5%, unless otherwise noted) 


PARAMETER 
DC CHARACTERISTICS 


Input Voltage Levels 
Low Level, Vit 
High Level, Vin 


Output Voltage Levels 

Low Level Vor 

High Level Von 

Low Level Vor 
Output Leakage, Ito 
input Current, AD1-AD5 
Output Capacitance 
Input Capacitance 
Power Dissipation 


COMMENTS 


lo. = -1.6 mA, except open drain 
lon = 100 yA, except open drain 
lo. = -1.6 mA, open drain output 


Vin = OV 
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PARAMETER | SYMBOL | MIN | TYP | Max | UNIT| COMMENTS 


AC CHARACTERISTICS 





Clock Frequency fr, fr 980 | 1000] 1020 | KHz 
Clock Duty Cycle 45 50 55 % 
Rise and fall times, IA, TDE 

TX MODE, SWE, RDE tr, tf 20 | ns 
rise and fall times, all 

otherinputs — tr, tf 50 ns 
receiver cClock-NRZ trn 65 ns figure 3B 
receiver clock-sync delay tsr 85 ns figure 3B 
receiver clock-VW delay trv 100 ns |- figure3B 
VW reset delay tvs 500 ns figure 3C 
transmit clock-TX ENA delay trx 25 ns figure 4A 
TX ENA pulse width txw 60 ns figure 4A 
transmit clock-send data set-up tts 40 ns figure 4B 
transmit clock-send data hold time tst 140 ns figure 4C 
transmit clock fall to NRZ ttn 0 ns figure 4B 
transmit clock rise to NRZ tnt 95 ns figure 4B 
TX MODE pulse width tmw 150 ns figure 5A 
TX MODE to TX ENA delay tux 750 ns figure 5B 
VALID word to TX ENA delay tvx 750 ns figure 5B 
Data sync to TX ENA delay tox 750 ns figure 5C 
TX ENA réset delay tsx 750 ns figure 5C 
DATA SET-up time to1 100 ns figure 6A 
TDE pulse width toz 150 ns | figure6A 
Data Hold time tos 100 ns figure 6A 
Cycle time tos 450 16000} ns figure 6A 
DTA RQST Delay tos 450 ns figure6A 
Output Enable time tos 100 ns figure 6B 
RDE Pulse width tor 150 ns | figure6B 
receive cycle time tos 450 17000] ns figure 6B 
Flag delay time tos 450 ns figure 6B 
Output disable time toro 100 ns figure 6B 
SEND DATA delay ton 2.5 3.5 TS figure6C 
TDE off delay tore 1.5 US figure 6C 
TDE1 delay to13 500 ns figure 6C 
SYN to RDE tors 500 ns | figure6D 
RDE to SYN to1s 2.5 US figure 6D 
Status word Enable tse 100 ns figure 8A 
Status word Disable tsp 100 ns figure 8A 
Flag delay time ter 1 us figure 8B 
VW delay time tev 90 ns figure 8B 
IVWF delay time ter 450 ns figure 8B 
DTA AVL delay time tco 500 ns figure 8B 
DTA RQST delay time tsr 450 ns figure 8C 
BRD CST delay time tre 2 Us figure 8C 
BRD CST pulse width tew 1 Us figure 8D 
flag reset delay tis 750 ns figure 8D, 8E 
interrupt delay tri 1.5 Us figure 8D 
IA pulse width tia 150 ns figure 8D 
Interrupt pulse width tiw 1 Us figure 8D 
Flag reset time © trr 450 ns figure 8F 
DTA AVL reset delay tro 750 ns figure 8F 
IVWF reset delay trv 750 ns figure 8F 
MSG CMPLT turn-on delay tur 15 Us figure 9A, 9B 
MSG CMPLT turn-on delay tm 1.5 Us figure 9A, 9C 
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RECEIVE TIMING FIGURE 2 


CMD SYNC | | 


DATA SYNC | | 


RECEIVER INPUT TIMING FIGURE 3 
3A 


RCV CLK 
COMMAND/ 


DATA SYNC 


s Ye CLOCK CYCLE 


RCV CLK 


SEND DATA 
CMD/DATA SYNC 





CMD/DATA SYNC 


SEND DATA 
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 


TX MODE 


RCV BIT 
TIMES 


* 
— sin | 
ad 


X MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. 


TX MODE 


VALID WORD 


TX ENA a kcal 


LAST DATA , | 
SEND 


* THIS IS A CMD WORD BEING RECEIVED, IT 1S ADDRESSED TO THIS BUFFER AND THE 
T/R BIT =1. TX ENA IS RESET BY 2ND TX NEGATIVE TRANSITION OR BY 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 


5c** 


DATA SYNC 


RCV BIT TIMES 


SEND DATA 


** THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT =0 
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 
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DATA BUS TIMING FIGURE 6 


BITS 8-15 


OTA RQST 


BITS 8-15 

















DATA BUS TIMING FIGURE 6 IA RESETS FIGURE 7 


1121314151617) 819 110819012013114 115 116117 1181191201 
REC CLK 


SEND DATA 


DE BE2 STATE TDE1 STATE 


NOTE: SEND DATA RISING EOGE INITIALIZES TDE TO TDE1 STATE 


6D 


TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT. 
TA OCCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. “0” MSG FLG. 


TA OCCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG. 
“O" WRD FLG. 
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STATUS FLAGS FIGURE 8 


SWE 
STATUS BITS 
tee tso 


fe 10 fee — 11 fae 12 fee 13 fee 14 fe 15 fee 16 fee — 17 oe 18 | 
nee a a Lek bet be fel LP lal 


@MSG FLG 


@WRD FLG 


OTA AVL 








. Notes: 1. SWE = 0 = 
2. [VWF and DTA AVL reset by RDE2 or REC CLK 14 of the 
next word 


SEND DATA 


fe— 4 —o}e— 5 —le— 6 —r}e— 7 —+}—— 8 —+}e— 9 


REC CLK | | | | | | 


TXINT, REC | 


“@" WRD FLG, 
"0" MSG FLG 


DTA AVL 


“RDE2 


If RDE is not used to reset IVWF and RDE, then they are 
reset by RCV CLK 14 as shown below. 


[+ 13 —>}_-14 —+1+—15 ——>}«— 16 >| 


RCV CLK 


OTA AVL 
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MESSAGE COMPLETE FIGURE 9 


BUS CONTROLLER MODE 


MSG CMPLT 
TX MODE 


SEND DATA | 


ee 
Lael tur ome tur 


“WORD COUNTER IS PRESET TO 33 


**MSG CMPLT SET tua MAX AFTER RISE OF 33RD SEND 
DATA PULSE 


REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 
ro 
x | 


CMD SYNC | 

I 5 
RCV CLK 16 | | | 

! 


| 
I 

DTA SYNC | | 
| 


{ j~+—>| tue 


MSG CMPLT | | 


“WORD COUNTER PRESET TO COUNT IN COMMAND WORD 


**MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 


REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 
——_—_——_ ——_— 
BC | 
CMD SYNC | 
tH 


| 


RCV CLK | | | 


| 
| 
SEND DATA ! 
| 
' 


moot [ EE: 


tur 


“WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 


**MSG CMPLT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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TYPICAL SYSTEM OPERATION 


INITIALIZE 


FIRST FIVE BITS SET 


SET 
TRANSMIT 
INTERRUPT 


EXAMINE 
BITS 7-11 


EXAMINE 
BITS 12-16 


PRESET 
WORD 
COUNTER 


FROM MPU 


1. SEND TA * 
2. SEND 
TX MODE 


END OF 
COMMAND 
SYNC 


1. JAM ADDRESS 
2. JAM ME =0 


*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND | 


WITH ADI- BROADCAST 


ADS 


EXAMINE 
6th BIT 


SET 
RECEIVE 
INTERRUPT 


EXAMINE 
BITS 7-11 


EXAMINE 
BITS 12-16 


FROM MPU. 


END OF 
COMMAND 
SYNC 
? 
YES 
FROM DECODER 


RECEIVE 
DATA 
WORD 


FROM MPU 





TO ENCODER 


FROM ENCODER 


TO ENCODER 


SEND 
STATUS WORD 
FROM 
BUFFER 


PRESET TDE 
LATCH TO 
TDE1 STATE 


SET 
DATA 
REQUEST 


FROM MPU 


1. PRESENT 
UPPER BYTE 
2. PULSE TDE 


SET TOE 
LATCH TO 
TDE2 STATE 


FROM MPU 


1. PRESENT 
LOWER BYTE 
2. PULSE 
TOE 


WORD 
COUNT 


REACHED 
? 


YES 
TO ENCODER 


SEND 
DATA WORD 
FROM 
BUFFER 


TRANSFER 
BUFFER 
CONTENTS INTO 
XMIT SHIFT 
REGISTER 
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PRESENT 
UPPER BYTE 
ON 08-07 


FROM MPU 


PRESENT 
LOWER BYTE 
ON D8-D7 


RESET 
DATA 
AVAILABLE 


WORD 
COUNT 
REACHED 
? 


JAM 
ADDRESS 


: TO ENCODER 
: FROM ENCODER 


TO ENCODER 


| TO ENCODER 








SECTION III 


OPEN DRAIN OUTPUT 
FIGURE 10 


INTERNAL LOGIC 


D@-D7 INPUT/ OUTPUT 
FIGURE 11 
Vec 


INTERNAL LOGIC 


me eo 


OTHER OUTPUTS 
FIGURE 12 


Vec 
INTERNAL LOGIC To | 





STANDARD MICROSYSTEMS 


(516) 273-3100 - TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


STANDARD MICROSYSTEMS COM1671 
——= 


[LPC FAMILY 


Asynchronous/Synchronous Transmitter-Receiver 
ASTRO 


FEATURES PIN CONFIGURATION 
CO SYNCHRONOUS AND 
ASYNCHRONOUS 
Full Duplex Operations 
XO SYNCHRONOUS MODE » 
Selectable 5-8 Bit Characters 
Two Successive SYN Characters Sets 
Synchronization 
Programmable SYN and DLE Character 
Stripping 
Programmable SYN te DLE-SYN Fill 
O ASYNCHRONOUS MOD 
Selectable 5-8 Bit eis are 
Line Break Detection and Generation 
1-, 1%-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 
1 BAUD RATE—DC TO 1M BAUD 
O 8 SELECTABLE CLOCK RATES 
Accepts 1X Clock and Up To 4 Different 
32X Baud Rate Clock Inputs 


BA (TSO) 
CB (CTS) 
DB (7XTC) 
DD (ixRC) 


1 
2 
3 
4 
5 
6 
7 
8 
9 





O COPLAMOS® n-Channel Silicon 





Up to 47% Distortion Allowance With 32X 


Clock 
O SYSTEM COMPATIBILITY 
Double Buffering of Data : 
8-Bit Bi-Directional Bus For Data, Status, 
and Control Words 
All Inputs and Outputs TTL Compatible 


O 


O 


Gate Technology 
Pin for Pin replacement for 


Western Digital UC1671 and 


National INS 1671 
Baud Rate Clocks Generated by 
COM5036 @ 1X and 


Up To 32 ASTROS Can Be Addressed COMSPYS BiG 227s 


On Bus . 
On-Line Diagnostic Capability 

CO ERROR DETECTION 
Parity, Overrun and Framing 


APPLICATIONS 


Synchronous Communications - 
Asynchronous Communications 
Serial/Parallel Communications 


General Description 


The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 


The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 


The COM1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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COMPARATOR 


COMMUNICATION CLOCK 
CHANNEL CONTROL CONTROL 





| D S| sf >) ZS qa 90 9) 9 =| mo» DDD =O DO <<< © 
a Sl w 88 rl AG = — HO & gl Sl 668 z 


Organization 


Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and contro! words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 


Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 


Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 


Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization 
code used for receiver character synchronization. It serves as a fill character when no new data is available 

in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 


Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 

the Receiver Register and the SYN register or the DLE register. A match between the registers sets up 

stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 


DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single DLE character prior to any data character transmission while in the transmitter transparent mode. 


Status Register — This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 


Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be 

loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 


Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 


Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 
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Astro Operation 


Asynchronous Mode 


Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 


The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1, the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic O when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 


In the Asynchronous mode the character transmission occurs when information contained in the 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1, 1.5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character 
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter 
Bufferisloaded. 


Synchronous Mode 


Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 

at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, datais not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, asecond SYN character is present, the Receiver enters the 
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character 
is not found, the Receiver reverts back to the Search mode. 


In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 


The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs. 
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with +0%, —3% atthe positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1/32nd of abit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register itis transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero’s. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
anew character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
DLE register are not loaded into the Receiver Buffer,:and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and 
DLE Detect are set with the next non SYN ornon DLE character. When both CR23 and CR14 are set 
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the DLE character. If two successive DLE characters are received only the 
first DLE pheleetc is atpe ee No parity check i is made while in this mode. 


Transmitter 


Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitteris not enabled. Transmission of data occurs ~ 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the DLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal 
conditionis enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be 
set prior to loading of anew character in the Transmitter Buffer to insure forcing the DLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the 1X clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Aransmiiter. 
Buffer, when the Transmitter Register is empty. 


When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready fora new 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR16 = 0). In the Synchronous Transmit 
Transparent mode (CR16 = 1), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1. 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted 
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 


All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input 
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO. 

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then sets its RPLY line low to acknowledge its readiness to transfer data. Bit 0 must be a logic O in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 

read/write operations. 








Read = 
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: = 
Bits 2-0 Selected Register = 
000 Control Register 1 2 
010 Control Register 2 i” 
100 Status Register 
110 Receiver Buffer 


When the Read Enable (RE) line is set to a logic 0 condition by the Controller the ASTRO gates the contents 
of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected, 
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic 
high state. 


Write 
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 
Bits 2-0 Selected Register 
000 Control Register 1 
010 Control Register 2 ~ 
100 SYN and DLE Register 
110 Transmitter Buffer 


When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. 

The 100 address loads both the SYN and DLE registers. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening 
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will 
address the SYN register. 


. Interrupts 
The following conditions generate interrupts: 
Data Received (DR) 
Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 
Transmitter Buffer Empty (TBMT) 
Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 
Carrier On 
Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 
Carrier Off 
Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 
Data Set Ready On 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 
Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 
Ring On 
Indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is low. 
Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 


The Controller acknowledges the Interrupt request by setting the Chip Select (CS) and the interrupt 
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 
the IACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained 
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY 
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a lowRE signal is received. 
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO. 














47 


39 


Symbol 





RPLY 


Description of Pin Functions 


Pin Name 


POWER SUPPLY 
POWER SUPPLY 
POWER SUPPLY 
GROUND 


MASTER RESET 


DATA ACCESS LINES 


SELECT CODE 


CHIP SELECT 


READ ENABLE 


WRITE ENABLE 


INTERRUPT 


INTERRUPT 
ACKNOWLEDGE IN 


INTERRUPT 


ACKNOWLEDGE OUT 


REPLY 


1/0 


1/0 


| 


O 


Function 


— 5 Volts 
+ 5 Volts 
+ 12 Volts 
Ground 


The Control and Status Registers and other controls 
are cleared when this input is low. 


Eight-bit bi-directional bus used for transfer of data, 
control status, and address information. 


Five input pins which when hard-wired assign the 
device a unique identification code used to select 
the device when addressing and used as an 
identification when responding to interrupts. 


The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 


This input, when low, gates the contents of the 
addressed register from a selected ASTRO onto 
the DAL bus. 


This input, when low, gates the contents of the DAL 
bus into the addressed register of aselected 
ASTRO. 


This open drain output, to facilitate WIRE-ORing, 
goes low when any interrupt conditions 
occur. 


When the Controller (determining the interrupting 
ASTRO) makes this input low, the ASTRO places 
its ID code on the DAL bus and sets reply low if itis 
interrupting, otherwise it makes l[ACKO a low. 





This output goes low in response to a low IACK| if 
the ASTRO is not the interrupting device. 


This open drain output, to facilitate WIRE-ORing, 
goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that it is the interrupting source. 
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Description of Pin Functions 


Pin No. Symbol Pin Name 1/0 Function 


30 R1 CLOCK RATES | These four inputs accept four different local 32X 
31 R2 I data rate Transmit and Receive clocks. The input on 
| R4 may be divided down into a 32X clock froma 
| 32X, 64X, 128X, or 256X clock input. The clock used 
in the ASTRO is selected by bits 0-2 of Control 
Register 2. 


37 BA TRANSMITTED DATA O This output is the transmitted serial data from the 
ASTRO. This output is held in aMarking condition 
when the transmitter section is not enabled. 


= 
= 
= 
ao 
w 
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27 BB RECEIVED DATA l This input receives serial data into the ASTRO. 


38 CA REQUEST TO SEND oO This output is enabled by bit 1 of Control! Register 1 
and remains in a low state during transmitted data 


from the ASTRO. 

36 CB CLEAR TO SEND | This input, when low, enables the transmitter 
section of the ASTRO. 

28 CC DATA SET READY | This input generates an interrupt when going ON or 


OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 





16 CD DATA TERMINAL O This output is generated by bit 0 in Control Register 
READY 1 and indicates Controller readiness. 
18 CE RING INDICATOR | This input from the Data Set generates an interrupt 


when made low with Data Terminal Ready in the 
OFF condition. 





29 CF CARRIER DETECTOR | This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 


35 DB TRANSMITTER | This input is the Transmitter 1X Data Rate Clock. 
TIMING Its use is selected by bits 0-2 of Control Register 2. 
The transmitted data changes on the negative 
transition of this signal. 


34 DD RECEIVER TIMING | This input is the Receiver 1X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 


19 MISC MISCELLANEOUS oO This output is controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 
The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 


Control Register 1 


SYNC/ASYNC ASYNC (TRANS, ENABLED) SYNC/ASYNC SYNC/ASYNC SYNC/ASYNC 


0 — LOOP 0 — NONBREAK 0 — 1% or 2 STOP BIT 0 — NON ECHO MODE 0- te panne Peres O—RECEIVER | O—SETS ATS | 0 — SETS DIR 
MODE N 1— AUTO ECHO MODE | 1 — PARITY CHECK D} = UT=1 
1—NORMAL | 1 — BREAK MODE 1 — SINGLE STOP BIT ENABLED ON 1—SETS RTS | 1— SETS DTR 
MODE 1™ SELECTION SYNC (CR12=1) RECEIVER AND ENABLED OUT=0 OUT=0 
eas PARITY GENERATION 
NABLED ON 
TRANSMITTER 


1 — MISC OUT=0 ENABLED SYNC 
PARENT MODE 
1— TRANSMITTER | SYNC (CR16=0) SYNC (CR12=0) o- Sree ie PARITY 


TRANSPARENT 
MODE 0 — NO PARITY 0 — MISC OUT=1 
GENERATED 1 — MISC OUT=0 CHECK 1S ENABLED 
1 — TRANSMIT PARITY 
ENABLED 


SYNC ASYNC (TRANS. DISABLED) | 0 — DLE STRIPPING 
SS a NOT ENABLED 
O— TRANSMITTER | 0 — MISC OUT=1 1 — DLE STRIPPING 
NON TRANS- 


SYNC (CR16 = 1) 


OQ — NO FORCE DLE 
1 — FORCE DLE 





Bit 0 

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic 0 enables only the telephone line 
Ring interrupt. The DTR output is inverted from the state of CR10. 


Bit 1 

Controls the Request to Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output 
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables 

the Transmitter and allows TBMT interrupts to be generated. A logic 0 disables the Transmitter and 
turns off the external Request to Send signal. Any character in the Transmitter Register will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 103 Data Sets. 


Bit 2 

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 

Bits 1, 2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the Receiver and cleats 
the Receiver Status bits. 


Bit 3 
Asynchronous Mode 


Alogic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 


Synchronous Mode 


A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
controlled by CR15. 
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ens Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 

mode the clocked regenerated datais presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 

condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subsequent null characters, with logic zero Stop bits, asteady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode. 


Synchronous Mode 
A logic 1, with the Receiver enabled does not allow assembled Receiver data matching the DLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 
When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 
alte Asynchronous Mode ; 
A logic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes 
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits fora 
character length of 5 bits. 
With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 


Synchronous Mode 
A logic 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15-0 or 
CR16=1 no parity is generated. When set to a logic 1 with Bit 6 also a logic 1, the contents of the DLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 


Bit 6 

Asynchronous Mode 
A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues 


so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 


Synchronous Mode 
Alogic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time wil! be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to 
alogic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter Register prior to sending the DLE character. 
Bit7 
A logic 0 configures the ASTRO into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 


a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 


b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock. 


c. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input 
pinis disregarded. 


d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector (CF) 


inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 





e. The Miscellaneous pin is held in an OFF (logic high) condition. 


A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 


Control Register 2, unlike Control Register 1, cannot be changed at any time. This register should be 
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 





5 : 4 





SYNC/ASYNC MODE SELECT SYNC/ASYNC ASYNC SYNC/ASYNC 
CHARACTER LENGTH SELECT 0 — ASYNCHRONOUS 0- ee 0- at a CLK = CLOCK SELECT 
SELE ; 
00=8 BITS MODE 1 — ODD PARITY 1 — RECEIVER CLOCK : 000 — 1X CLOCK 


01 =7 BITS 1 — SYNCHRONOUS SELECT DETERMINED BY 001 — RATE 1 CLOCK 
10=6 BITS MODE BITS 2-0 010 — RATE 2 CLOCK 


11=5 BITS 011 -- RATE 3 CLOCK 
SYNC (CR16 =0) 100 — RATE 4 CLOCK 
a ee 101 — RATE 4 CLOCK + 2 
0 — NO SYN STRIP 110 — RATE 4 CLOCK = 4 
1 — SYN STRIP 111 — RATE 4CLOCK ~ 8 


SYNC (CR16 = 1) 


0 — NO DLE-SYN STRIP 
1 — DLE-SYN STRIP 





Bits 0-2 
These bits select the Tranmit and Receive clocks. 


Bits | Clock Source 


1X Clock (Pin35) - 1X Clock (Pin 34) . 
Rate 1 32X clock (Pin 30) 
Rate 2 32X clock (Pin31) * 
Rate 3 32X clock (Pin 32) * 
Rate 4 32X clock (Pin33) * ° 
Rate 4 32X clock (Pin 33) (+ 2) *t 
Rate 4 32X clock (Pin 33) (+ 4) *t 
Rate 4 32X clock (Pin33) (+ 8) *t 


—a=aw HO O00 O 
|=4 00-0 oa] = 





NOTES: 
*Rx clock is modified by bit 3 in the asynchronous mode. 


tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock 
which may be available. 


Bits 3 

Asynchronous Mode 
A logic 0 selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must bea logic 1 
for the 1X clock selection by Bits 2-0. 

Synchronous Mode 
A logic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14) 
is alogic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 
Bit 4 
A logic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13 
and/or CR15. 
Bit 5 
A logic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode. 
Bits 6-7 
These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity =6 bits). 
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Status Register 


The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 


e Carrier e Framing e Overrun | e Data e Transmitter 


Detector Error Error Received Buffer 
e Syn (DR) Empty 
Detect (TBMT) 





Bit 0 

A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to alogic 1 

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when 
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 


Bit 1 
A logic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 


Bit 2 

A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 

Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfer time) or when the Receiver is disabled. 


Bit 3 

When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the DLE 
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If DLE Strip is not enabled this bitis set to a logic 1 
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character 
has a Parity error. Alogic 0 on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 


Bit 4 


=z 
4 
= 
[*) 
tas 
(Ze) 





Asynchronous Mode 
A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected. 


Synchronous Mode 
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 


In both modes the bit is cleared when the Receiver is disabled. 


Bit 5 

This bit is the logic complement of the Carrier Detector input on Pin 29. 

Bit 6 Sens ae 

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 
it can be used for Secondary Receive. 


Bit7 
This bit is set to alogic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector 


inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, with DTRa 
logic 0. This bit is cleared when the Status Register is read onto the DAL bus. 
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READ — 


DAL U};/jpj4 | ADDRESS | rooness KOZ oan CBZ 


TRED 


<— TRECS—er 
TRECSH TRED—e 


TCSRLF—| 
RPLY 


———— TARL 


WRITE 


A a Ug CML 





WE 
TWe-——_— | 
ee 
RPLY 
<=— TARL 
INTERRUPT 


RPLY 








MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... 0... cece cee eee eee e teen eens 0°C to + 70°C 
Storage Temperature Range ........... ccc cece eee e eee en ee ne nes —55°C to +150°C 
Lead Temperature (soldering, 10 sec.) 2.0... ee ee eee ene een n eee + 325°C 
Positive Voltage on any Pin, with respect to ground.......... 2... cece eee eee +18.0V 
Negative Voltage on any Pin, with respect to ground.......... 0. cece ccc ene eee —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is astress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
ELECTRICAL CHARACTERISTICS 
(T,=0°C to 70°C, Veo = +5V 5%, Vop= +12V 5%, Ve, =—5V +5%, Vss= OV, unless otherwise noted) 


























Parameter Min Typ. Max. Unit Comments = 

D.C. Characteristics S 
INPUT VOLTAGE LEVELS o 

Low Level, Vi 0.8 Vv 7) 

High Level, V,, 2.4 V 

OUTPUT VOLTAGE LEVELS 

Low Level, Vor 0.4 V lop =1.6ma 

High Level, Voy 2.4 lon = 100 ua 
INPUT LEAKAGE 

Data Bus 5.0 10.0 pa 0=Vin=5vV 

All others 5.0 10.0 pa Vin= +12v 
POWER SUPPLY CURRENT 

lee 80.0 ma 

lop 10.0 ma 

lop 1.0 ma 
A.C. Characteristics T,=25°C 
CLOCK-RCP, TCP 

frequency 1.0 MHz 
DAL Bus | 

Tas Address Set-Up Time 0 ns 

Tan Address Hold Time : 150 ns 

Tart Address to RPLY Delay 400 ns 

Tes CS Width 250 ns 

Teosatr CS to Reply OFF Relay 0 250 ns R, =2.7 Ka 
Read — 

Tare Address and RE Spacing 250 ns 

TrecsH RE and CS Overlap 20 ns 

Trees RE to CS Spacing 250 ns 

Treo RE to Data Out Delay 180 ns C.= 20 pf 
Write — 

Tawe Address to WE Spacing 250 ns 

Twecsy WE and CS Overlap 20 ns 

Twe WE Width 200 1000 ns 

Tos Data Set-Up Time 150 ns 

Tox Data Hold Time 100 ns 

Twees WE to CS Spacing 250 ns 
Interrupt _ 

Test CS to IACKI Delay 0 ns 

Tesre CS to RE Delay 250 ns 

Tesren CS and RE Overlap 20 ns 

Trees RE to CS Spacing 250 ns 

Tp IACKI Pulse Width 200 ns 

Trap IACKI to Valid ID Code Delay 250 ns See Note 1. 

Treo RE OFF to DAL Open Delay 180 ns 

Trart IACKI to RPLY Delay 250 ns See Note 1. 
: Tesrtr CS to RPLY OFF Delay 0 250 ns R, = 2.7 KO 

Tu IACKI to IACKO Delay 200 ns 

Tre RE OFF to IACKO OFF Delay 250 ns 


Note 1: If RE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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Multiple ASTRO System in Daisy-Chain Configuration 


STANDARD MICROSYSTEMS 


<< 


(516) 273-3100 TWX- 510-227-8898 
We keep ahead of our competition so you can keep ahead of yours. 





=N 


sng 1vd 


COM 1671 
ASTRO 


SERIAL 
CHANNEL 


DATA BUS 


sng va 


ae =| 
Sa 
=O 
Se 
On 
Od 


CONTROL BUS 


| INTERRUPT | 


COMMUNICATION 
CONTROLLER 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS COM 1863 
—— COM 8018 
——<—=—$ | 


[IPC FAMILY 


Universal Asynchronous Receiver/ Transmitter 
UART 


PIN CONFIGURATION 
FEATURES 


CL] Compatible with TR1863 timing 


C1 High accuracy 32X clock mode: 48.4375% Receiver Distortion 
Immunity and improved RDA/ROR operation (COM 8018 only) 


L] High Speed Operation—62.5K baud, 200ns strobes 
C Single +5V Power Supply 
CJ Direct TTL Compatibility— no interfacing circuits required 


C] Input pull-up options: COM 8018 has low current pull-up 
resistors; COM 1863 has no pull up resistors 





1 
2 
3 
4 
5 
6 
7 
8 


[) Full or Half Duplex Operation—can receive and transmit 
simultaneously at different baud rates 


C) Fully Double Buffered—eliminates need for precise external 
timing 

CJ) Improved Start Bit Verification—decreases error rate 

C] 46.875% Receiver Distortion Immunity 

C] Fully Programmable—data word length; parity mode; number 





of stop bits: one, one and one-half, or two PACKAGE: 40-Pin D.1.P. 
C) Master Reset—Resets ail status outputs and Receiver Buffer 

_ Register 
CJ Three State Outputs—bus structure oriented FUNCTIONAL BLOCK DIAGRAM 
LC) Low Power—minimum power requirements _ TD1 TD2 TD3 TD4 TDS TD6 TO7 TDB 


C] Input Protected— eliminates handling problems 


LC) Ceramic or Plastic DIP Package—easy board insertion 
TRANSMITTER BUFFER REGISTER 


C1 Baud Rates available from SMC’s COM 8046, COM 8116, 
COM 8126, COM 8136, COM 8146 baud rate generators 


TRANSMITTER 
SHIFT 
REGISTE 


GENERAL DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter is an 
MOS/LSI monolithic circuit that performs all the receiving and 


transmitting functions associated with asynchronous data STATUS 
communications. This circuit is fabricated using SMC’s CONTROL WORD 
patented COPLAMOS® technology and employs depletion REGISTER BUFFER 
mode loads, allowing operation from a single +5V supply. The = 


duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 


the use of external controls. There may be 5, 6, 7, or 8 data LI 
bits, odd/even or no parity, and 1 or2 stop bits or 1.5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 
RECEIVER 
SHIFT 
REGISTER 





“It pin 2 is taken to a logic 1 the COM 8018 will operate in a high RDE RECEIVER | RECEIVER BUFFER REGISTER | REGISTER 
accuracy mode. If pin 2 is connected to — 12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, ae 


and the UART will operate in a 16X clock mode. Pin 2 is not con- 
nected Gh he COMMIBGS., RD8 RD7 RD6 RDS RD4 RD3 RD2 RD1 
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DESCRIPTION OF OPERATION— TRANSMITTER © 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all ata high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the data strobe (TDS) has been 
pulsed, the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowandremains inthis state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no lossin speed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 
PARITY SELECT 


NUMBER OF 
DATA BITS 


CONTROL BITS HOLDING REGISTER 


NO 
PARITY 


NUMBER 
STOP BITS 


CONTROL 
STROBE 


TO 
RECEIVER 


16X or 32X 
CLOCK 


STEERING LOGIC 


TIMING GENERATOR [|] chips TRANSMITTER SHIFT REGISTER 
aa PARITY BIT GENERATION LOGIC . 





DB8 DB7 DB6 DBS DB4 DB3 DB2 DBI 
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R TRANSMITTER 
s F/F BUFFER 


EMPTY 


SERIAL 
OUTPUT 


OUTPUT 
LOGIC 


END OF 
CHARACTER 


DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
‘applied and master reset is pulsed. The data 
' available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RS! line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HIACC = 0) or 31/64 to 
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33/64 bit times (in the 32X mode, HIACC = 1), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity. bit received (if selected) and the 
stop bit(s) received. 


If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip- 
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framing error flip-flop is set high, indicating a fra- 
ming error. 


On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If, at this instant, the RDA 
signal is high, or the RDAR signal is low, the 





receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 


Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


oy 


RECEIVER BLOCK DIAGRAM 


RD8 RO7 ROG RDS RD4 RD3 RO2 RDI 


3-STATE BUFFER 
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STATUS WORD 


RESET DATA 
: HOLDING REGISTER 
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SERIAL START BIT PARITY BIT ik RIG | RECEIVER SHIFT i 
cp REGISTER 


HT 
JUSTIFY LOGIC 


INPUT VERIFICATION CHECKING LOGIC j 
16X or 32x age Lee) 
ateli TIMING GENERATOR 


DESCRIPTION 


OF PIN FUNCTIONS 


4 Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 


5-12 RD8-RD1 Receiver Data 


Outputs 


These are the eight 3-state data outputs enabled by RDE. 
Unused data output lines,as selected by NDB1 and NDB2, 


SECTION III 





have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 


This 3-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 


Receiver Parity 
Error 


Receiver Framing 
Error 


This 3-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 


| PINNO.| SYMBOL NAME FUNCTION 


Receiver Over 
Run 


Status Word 
Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 
Data Strobe 


Transmitter End 
of Character 


Transmitter 


Serial Output 


Transmitter 


Data Inputs 


Control Strobe 


No Parity Bit 





This 3-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
reset not completed) before the present character is 
transferred into the receiver buffer register. 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. . : 


This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 
RDAR must have gone low and come high again before 
ROR is sampled to avoid overrun indication. 


This 3-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE,ROR and RD1-RD8 toa low-level. 


This 3-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as a high-level during the last half 
clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 


A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 


‘forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 


PIN NO.| SYMBOL NAME FUNCTION 


Number of This input selects the number of stop bits. Alow-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5 stop bits. 


These 2 inputs are internally decoded to select either 5, 6, 7, 

or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 
L L 


L H 
H L 
H H 
The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 


NPB POE MODE 
























Number of Data 
Bits/Character 































Odd/Even Parity 
Select 












L L odd parity 
c . even parity 
no parity 





X = don't care 






TRANSMITTER TIMING— 
8 BIT, PARITY, 2 STOP BITS 


rt 
START DATAIL 











RECEIVER TIMING— START BIT DETECT AND VERIFY 


8 BIT, PARITY, 2 STOP BITS 


center sample 


minimum continuous low 
required for start-bit verification 





RECEIVER TIMING DETAIL 


RCP 


{ stop bit center sample 


RDA 
(HIACC = @). 


RDA eee ee ee eee a ee 








(HIACG = 1) 
RD1-RD8, Xx 
ROR 
RPE, RFE x 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range coe ions de, eet eed oo ac eee cede econ eek se 0°Cto+ 70°C 
Storage Temperature Range ......... ccc ee cc ce eee cee tenet eee tenet teeeeaes —55°C to +150°C 
Lead Temperature (soldering, 10 S€C.). 0... cc ccc cc eee tee eee e eee teen ee eens +325°C 
Positive Voltage on any Pin, with respect to ground fase ea NG Se Tos ala gesaciears GSS totes! ausiaiie lore BTA a Teo ces +8.0V 
Negative Voltage on any Pin (except Pin 2), with respect to ground ........... ec eee eee e teens —0.3V 
Negative Voltage on Pin 2, with respect to Ground ....... cece cece ce eer e eee ee ee ents —13.2V 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itisimportant 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vop=+5V +5%, unless otherwise noted) 


Parameter Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit 








High-level, Vin 2.0 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot lo. =1.6mA 
High-level, Vou 2.4 loH = —100uA 
INPUT CURRENT 
Low-level, lit Vin = GND, COM 8018 only 
INPUT LEAKAGE COM 1863 only 
OUTPUT CURRENT eae” ea 
Leakage, Ito SWE = RDE = Vin, OS Vout = +5V 
Short circuit, los** Vout = 0V 
INPUT CAPACITANCE 
Allinputs, Cin 5 
OUTPUT CAPACITANCE a 
All outputs, Cout 10 SWE = RDE= Vin 
POWER SUPPLY CURRENT 
loc All outputs = Vou, All inputs = Voo 
A.C. CHARACTERISTICS Ta = +25°C, See Timing Diagrams 
CLOCK FREQUENCY DC RCP, TCP 
PULSE WIDTH 
Clock 0.45 RCP, TCP 
Master reset 500 MR 
. Control strobe 200 CS _ 
Transmitter data strobe 200 TDS 
Receiver data available reset 200 RDAR 
INPUT SET-UP TIME 
Data bits 0 TD1-TD8 
Control bits 2 0 NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits 0 TD1-TD8 
Control bits 0 NPB, NSB, NDB2, NDB1, POE 
ENABLE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enable RDE: Tpp1, Tepo 
Status word enable 





SWE: Teo, Teo 
RDE, SWE 





OUTPUT DISABLE DELAY 








**Not more than one output should be shorted at a time. 


NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
1% clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing 
a maximum start bit slippage of £1/32 or +1/64 ofa bit time. 


3. The 3-state output has 3 states: 1)lowimpedancetoVpp_ 2)lowimpedancetoGND 3) highimpedance OFF = 
10M ohms The “OFF” state is controlled by the SWE and RDE inputs. 
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DATA/CONTROL TIMING DIAGRAM 


VIH 
ViL 


TSET-UP 


VIH 


DATA INPUTS ViL 


t.=t,=20ns 
Tset-up 20 
THoLD 20 


cs ViH 
Vit 


TSET-UP 


CONTROL INPUTS 
te 


“Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


RDE, SWE 


OUTPUTS 
(RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


Tpo1, TPoo 


NOTE: Waveform drawings not to scale for clarity. 


ADDITIONAL TIMING INFORMATION 


NOTES ON COM 8018 AND COM 1863 
HIGH-ACCURACY AND IMPROVED 
RDA/ROR MODE 


The HIACC mode is enabled by applying a logic 
“one” to pin 2. If this pin is left unconnected, or 
connected to GND, —12V, or a logic “zero,” the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 


When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also, RDA is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROR are changing. 

Whether or not the HIACC mode is selected, RDA 
must be low and RDAR must have returned high to 
avoid setting ROR. If RDAR is held low past the 
stop-bit center sample, RDA will go high after RDAR 
returns high. 

The maximum current HIACC will supply if con- 
nected to —13.2V is 3.5mA. 


IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 


RD1-RD8, and ROR determined 


SS bit center sample 
RCP | | | | | | 


RDAR at last possible moment 
and not get ROR 


RD1-RD8, and ROR determined 


Stop-bit center sample 


RD1-RD8, and ROR determined 


soe center sample 


Protection against missing the ROR flag 
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FLOW CHART—TRANSMITTER 


1. TURN POWER ON 
2. PULSE MASTER RESET 
3. SELECT BAUD RATE—16X or 32X CLK 


TBMT =1 
TEOC =1 
TSO =1 (STOP BIT) 


SET CONTROL BITS — PULSE CS 
SET DATA BITS 


Is 
ees 
SHIFT REGISTER 


EMPTY ? 
(TEOC = 1) 


1, LOAD TRANSMITTER SHIFT REGISTER 
2. TEOC =0 : 
3. TSO =0 (START BIT) 


HAS 
1 BIT TIME 
ELAPSED ? 


SHIFT 1 BIT RIGHT IN THE 
TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE, 
AND STOP BIT(S) 


HAS 
THE LAST 
STOP BIT BEEN ON THE 
LINE FOR 1 BIT 
TIME ? 


TEOC=1 TSO=1 





ARE 
THERE NEW 
CONTROL BITS 
? 


FLOW CHART—RECEIVER 


+. TURN POWER ON 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE—16X OR 32X CLK 
4. SET CONTROL BITS 


HAS 
THE LINE 
TRANSITIONED 
FROM MARKING TO 
SPACING 
? 


HAS 
A START 
BIT BEEN VERIFIED? 
8-16X CLK 


or 
16-32X CLK 


YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 


HAS 
1 BIT TIME 
ELAPSED ? 


YES 
SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 


HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

BECEINED, 


1S BOTH ROA = O \_NO 
AND RADAR = 17 
SET ROR 

YES 


RESET ROR 


NO 


RESET RDA 


TRANSFER DATA TO RD1-RD8 


STOP-BIT 
CENTER 
SAMPLE? 


SET/RESET AFE 
SET/RESET RPE 


1S RDAR = 17 7 


YES 


SET RDA 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
a5 Mesa i: ‘avi assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


(516) 273-3100 - Twx-510-227-888 © devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS COM2502 
——— COM2017 
~ COM2502/H 
a ~ COM2017/H 
Universal Asynchronous Receiver/ Transmitter 
UART Pin Configuration 


QO Direct TTL Compatibility — no interfacing circuits 
required 


=z 
Oo 
rong 
o 
a 
” 





(J Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 


OONOOAWHND = 


(CJ) Fully Double Buffered— eliminates need for precise 
external timing 


C) Start Bit Verification — decreases error rate 


CJ Fully Programmable — data word length, parity mode, 
number of stop bits; one, one and one-half, or two 


CJ] High Speed Operation — 40K baud, 200ns strobes 


40 
39 
38 
37 
36 
35 
34 
33 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 


~NOWOLOANWO ON 


LC) Master Reset— Resets all status outputs 





C) Tri-State Outputs— bus structure oriented 
LJ] Low Power— minimum power requirements Functional Block Diagram 
C1 Input Protected— eliminates handling problems TD1 TD2 TD3 TD4 TOS TD6 TD7 TD8 


C) Ceramic or Plastic Dip Package — easy board insertion 


cs 
GENERAL DESCRIPTION NPB 

The Universal Asynchronous Receiver/Transmitter is NDB2 SC RIeT CH 
an MOS/LSI monolothic circuit that performs all the pi 


receiving and transmitting functions associated with 


asynchronous data communications. This circuit is Led 


fabricated using SMC’s P-channel low voltage oxide- 
nitride technology. The duplex mode, baud rate, data I] 

word length, parity mode, and number of stop bits are 

independently programmable through the use of exter- 

nal controls. There may be 5, 6, 7 or 8 data bits, odd/even REGISTER: 

or no parity, and 1, or 2 stop bits or 1.5 stop bits when 


utilizing a 5-bit code from the COM 2017 or COM 2017/H. 
The UART can operate in either the full or half duplex 
t obiech is le helen 


mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 


RD8& RD7 RD6 RDS RD4 RD3 RO2 RD1 
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DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO areall at a high 
level (the line is. marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the contro! bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when itis 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the databits bufferregister 
at this time, TBMT goes lowandremainsin this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no lossin speed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN _ 
PARITY SELECT 


NO NUMBER NUMBER OF 
PARITY STOP BITS DATA BITS 


CONTROL BITS HOLDING REGISTER 


CONTROL 
STROBE 


TO 
RECEIVER 


STEERING LOGIC 


= 


R 
s 
TIMING GENERATOR [| _1) eves TRANSMITTER SHIFT REGISTER 
a) LOGIC 
PARITY BIT GENERATION LOGIC 


OB8 DB7 DB6 DBS D0B4 DB3 DB2 OBI 


DATA BITS HOLDING REGISTER 
BUFFER 


DATA STROBE 


TRANSMITTER 
BUFFER 
EMPTY 


SERIAL 
OUTPUT 


OUTPUT 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is applied 
and master reset is pulsed. The data available (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing fora 1/2 bittime, agenuine 

start bit is verified. Should the line return toa mark- 
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ing condition prior toa 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 


status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to animproperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


assumes that the previously received character has 


SECTION iil 


RECEIVER BLOCK DIAGRAM 


FRAMING 
ERROR 
OVER RUN PARITY ERROR 
TRANSMITTER 
BUFFER EMPTY 


RO8 RD7 RD6 ROS RD4 RDB RD2 ROI 


AND GATE 


DATA 
AVAILABLE 
AND GATE 


STATUS WORD 
HOLDING REGISTER 


RESET DATA 
AVAILABLE 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


SERIAL START BIT PARITY BIT = RIGHT RECEIVER SHIFT 
INPUT VERIFICATION _ CHECKING LOGIC iF JUSTIFY LOGIC fi cp REGISTER 


TIMING GENERATOR 





DESCRIPTION OF PIN FUNCTIONS 









































PINNO. SYMBOL NAME FUNCTION 
1 Vcc Power Supply +5 volt Supply 
2 Vop Power Supply —12 volt Supply 
3 GND Ground Ground 
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable _ receiver buffer register. 
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. - 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 
selected parity. 
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 


Error the received character has no valid stop bit. 
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PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


SYMBOL 


ROR 


SWE 


RCP 


RDAR 


RDA 


RS! 


MR 


TBMT 


TDS 


TEOC 


TSO 


TD1-TD8 


cs 


NPB° 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run 


Status Word 
Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 


Data Strobe 


Transmitter End 
of Character 


Transmitter 
Serial Output 
Transmitter 
Data Inputs 


Control Strobe 


No Parity Bit 





FUNCTION 


This tri-state output (enabled by SWE) is at a high-level if 


the previously received character is not read (RDA output | 
not reset) before the present character is transferred into 
the receiver buffer register. 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as ahigh-leveleach timea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a oe 
period in the case of continuous transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 


A high-level input enters the contro! bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 


- immediately after the last data bit. Also, the RPE output is 


forced to a low-level. See pin 39, POE. 
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PINNO. SYMBOL 


36 NSB 


37-38 NDB2, 


NDB1 
39 POE 
40 TCP 


DESCRIPTION OF PIN FUNCTION 


NAME FUNCTION 
Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits. 


Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017 or COM 2017/H. 


Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
Bits/Character or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 
Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 


transmitter, as per the following truth table: 
NPB POE MODE 


L L odd parity 
L H even parity 
H X no parity 


X = don't care 


Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 


TRANSMITTER TIMING -—-8 BIT, PARITY, 2 STOP BITS 
Tps | 
TBMT | | | 
TSO | START 10) ATA TT eae [pata B)PARITY, STOP 1 STOP2 | START 


—s| Bit ke 


TEOC | time | 
TRANSMITTER START-UP 
ame ad ey oes Ds fe a 
1/16 
a = a 
TSO y | 
s 


Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit willbe placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 


RECEIVER TIMING—8 BIT, PARITY, 2 STOP BITS 


RSI | START [DATA 1] eevee [DATA ayPARITy| STOP 1 STOP 2|start 


CENTER BiT 
SAMPLE 

* —> 1/16 Bit time 
RDAD SS eS pt aca 





RDA** 


“The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 


START BIT DETECT/VERIFY 


RCP | | | | | | | 

M Begin verify fA Begin verify, 
RSI | | 

Ss 


if the RSI tine remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return toa 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... ccc cece ccc ee cree eee e nee e eee e esate teeseees 0°C to +70°C 
Storage Temperature Range ....... cece cece cee cee teeta eee e teen ee teneeees —55°C to +150°C 
Lead Temperature (soldering, 10SEC.) 0... cece ccc cece cece eee e tent eee enceteeenetees +325°C 
Positive Voltage on any Pin, VCC 0... cece cece cee cee eee e ete e eee eee en tees eee eteaeee +0.3V 
Negative Voltage on any PIN, VEC .. kee cece cee eee e ee tenet ee eee eee e eee e renee —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = +5V +5%, Von =—12V +5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Conditions 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vit Vop 0.8 V 
High-level, Vin Vec-1.5 Vec V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vot 0.2 0.4 Vo toLr=1.6mA 
High-level, Vou 2.4 4.0 V lon = 100uA 
INPUT CURRENT 
Low-level, lit 1.6 mA seenote 4 
OUTPUT CURRENT ee ae 
Leakage, ILo —1 UA SWE=RDE= Vin, 0 S Vout = +5V 
Short circuit, los** 10 mA Vout =0V 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pf Vin=Vcc, f= 1MHz 
OUTPUT CAPACITANCE fey meek 
All outputs, Court 10 20 pf SWE=RDE= Vi, f=1MHz 
POWER SUPPLY CURRENT 
Icoc 28 mA All outputs = Vou, All inputs = Vcc 
lop 28 mA 
A.C. CHARACTERISTICS Ta =+25°C 
CLOCK FREQUENCY 
(COM2502, COM2017) DC 400 KHz RCP, TCP 
(COM2502H, COM2017H) DC 640 KHz RCP, TCP 
PULSE WIDTH 
Clock 1 us RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns CS 
Transmitter data strobe 200 ns TDS 
Receiver data available reset 200 ns RDAR 
INPUT SET-UP TIME 
Data bits =0 ns TD1-TD8 
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE 
INPUT HOLD TIME 
Data bits 20 ns TD1-TD8 
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE 
STROBE TO OUTPUT DELAY Load = 20pf +1 TTL input 
Receive data enable 350 ns RODE: Tro1, Troo 
Status word enable 350 ns SWE: Teo, Tppo 
OUTPUT DISABLE DELAY 350 ns RDE,SWE 


**Not more than one output should be shorted at a time. 


NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has3 states: 1) lowimpedancetoVcc 2)lowimpedancetoGND 3)highimpedance OFF= 
10M ohms. The “OFF” state is controlled by the SWE and RDE inputs. 


4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502 or COM 2502/H) 
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DATA/CONTROL TIMING DIAGRAM 


VIH 
Vit 


TSET-UP 


VIH 


DATA INPUTS VIL 


tr=tf=20ns 
TseT-uP = 0 
THOLD =O 


VIH 
VIL 


TSET-UP THOLD 


cS 


VIH 


CONTROL INPUTS 
VIL 


*Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


Outputs Disabled 
(RD1-RD8, RDA, 


RPE, ROR, RFE, TBMT) 
TPo1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 
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FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER 


1, TURN POWER ON : 1. TURN POWER ON 
2. PULSE EXTERNAL RESET 


2. PULSE EXTERNAL RESET 
3. SELECT BAUD RATE — 16 x CLK 3. SELECT BAUD RATE —16 x CLK 


4. SET CONTROL BITS 


iC = 
SO =1{STOP BIT) 


HAS 
THE LINE 
TRANSITIONED 
FROM MARKING TO 
SPACING 
? 


HAS 
A START 
BIT BEEN VERIFIED 


8-16 x CLK 


YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 
1S 
TRANSMITTER 
SHIFT REGISTER 


EMPTY ? 


{EOC = 1) HAS 


1 BIT TIME 
ELAPSED ? 
16 - 16 x CLK 


1. LOAD TRANSMITTER SHIFT REGISTER 
2. SO=0(START BIT) YES 
3. EOC =0 


SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 


HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

RECEIVED 


HAS ? 


1 BIT TIME 
ELAPSED ? 


(16 - 16 x CLK) 
HAS 
1 BIT TIME 
ELAPSED 
SHIFT t BIT RIGHT IN THE 2 
TRANSMITTER SHIFT REGISTER 


HAS 
TRANSMIT START BIT, DATA SET PARITY THE PROPER YES} SET PARITY 
BITS, SELECTED PARITY MODE, ERROR REGISTER PARITY BIT BEEN ERAOR REGISTER 
AND STOP BIT(S) TO1 RECEIVED Too 
? 


HAS 
THE LAST 
STOP BIT BEEN ON THE HAS 
LINE FOR 1 BIT 1 BIT TIME 


TIME ? ELAPSED 


EOC =1 $o=1 SET FRAMING ron: 


ASTOPBIT YES | SET FRAMING 
ERROR REGISTER ERROR REGISTER 
on BEEN RECEIVED ron 
ARE 
THERE NEW 
CONTROL BITS 
2 


SET OVER-RUN 1S YES SET OVER-RUN 
REGISTER RDA =0 REGISTER 
TO1 ? TOO 
TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 


EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE — DA =0 





STANDARD MICROSYSTEMS 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 







We keep ahead of our competition so you can keep ahead of yours. 
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STANDARD MICROSYSTEMS 
———_— 





COM 2449-1 


COM 2449-2. 


COM 2449-3 


UPC FAMILY 


RS-449 
Programmable Communications 
Interface 


FEATURES 


LC] RS-449 compatible inputs and outputs 
(] Maskable Interrupts for RS-449 inputs 
() Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
(1) Re-programmable ROM on-chip baud 
rate generator 
CL) Synchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters 
—Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
— Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing (Tx) 
and detection (Rx) - 
— Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 
(] Asynchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
—Line Break Detection and Generation 
— 1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
—Parity, Overrun, and framing error detect 
— Local or remote maintenance loop back mode 
— Automatic serial echo mode (echoplex) 
C] Baud Rates 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) 


PIN CONFIGURATION 


PACKAGE: 40-Pin D.I.P. 





—DC to 62.5K Baud (16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


(J Double Buffering of Data 

CJ] RxC and TxC pins are short circuit protected 
CJ] Internal or External Baud Rate Clock 

(13 baud rate sets (2449-1, -2, -3) 

L116 internal rates for each version 

LJ Single +5 volt Power Supply — 

[1 TTL Compatible 

CUNo System Clock Required 


GENERAL DESCRIPTION 


The COM 2449 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology. 
It is equivalent to the COM 2661 with the addi- 
tional features. required to create the interface to 
an RS-449 compatible modem. Six new outputs 
are added to implement the RS-449 signals sent 
to the Data Communications Equipment (DCE) 
and five new signals are added to receive the 
RS-449 status signals from the DCE. A second 
status register and an output register have been 
added to allow a processor full control of the addi- 
tional I/O pins. The COM 2449 contains a baud 
rate generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. Each version 
of the COM 2449 (-1, -2, -3) has a different set of 
baud rates. Custom baud rates can be ROM repro- 
grammed to accommodate different baud rates 


and different starting frequencies. 


The COM 2449 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 


municate in commonly used asynchronous and . 


synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
00-07 


OPERATION CONTROL 


laa gq 2 


Fl & 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 


CLOCK CONTROL 


MODEM 
CONTROL 


SYN/OLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
: RECEIVE 
SHIFT REGISTER 


COM 2449 ORGANIZATION 


The COM 2449 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2449. The COM 2449 is a COM 2661 with 5 new 
inputs (readable by the processor from STATUS 
REGISTER 2) and 6 new outputs (written by the pro- 
cessor via the OUTPUT REGISTER). Each of the 5 new 
inputs can cause an interrupt condition on the COM 
2449. The ability to enable these conditions for inter- 
rupt handling is provided. Table 1 outlines the dif- 
ferences between the COM 2661 and the COM 2449. 
It should be noted that the COM 2449 can be viewed as 
a general purpose communications interface device 
with general purpose 1/O pins to allow setting output 
controls and interrogation of input status. This addi- 
tional I/O capability, although added to allow RS-449 
compatibility, can ease the interface to any com- 
munications discipline. 


Operation Control 


This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, the two Status Registers, and. the 
Output Register. Details of register addressing and 
protocol are presented in the COM 2449 program- 
ming section of this specification. 
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Timing : 
The COM 2449 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 


. Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter ; 


The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


‘Modem Control 


The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2449 and a modem. 
Five signals to and from the modem control are given 
names that are in accordance with the RS-449 specifica- 
tion. The signals, however, have an identical function 
to the corresponding COM 2661 RS-232 compatible 
signals and this correspondence is shown in Table 1. 


SYN/DLE Control Interface Signals 

This section contains control circuitry and three 8-bit The COM 2449 interface signals can be grouped into 
registers storing the SYN1, SYN2, and DLE characters two types: the processor-related signals (shown in Table 
provided by the processor. These registers are used in 3) which interface the COM 2449 to the processor, and 
the synchronous mode of operation to provide the the device-related signals (shown in Table 4), which are 
characters required for synchronization, idle fill and used to interface to the communications equipment. 
data transparency. 


DESCRIPTION OF PIN FUNCTIONS 
TABLE 3— PROCESSOR RELATED SIGNALS 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2449 and a processor. D0 is the least significant bit; D7 is the most 
significant bit. 


14,17,20 A2, A1, AO| Input; Address lines used to select COM 2449 registers. 


Input; when this signal is low, the operation specified by the R/W, A2, A1 and AO will 
be performed. When this input is high, D7-0 are in the high impedance state. 


Chip Enable fe 





to the processor. It goes high when the RHR is read by the processor, and also when 


Receiver Ready Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready forinput 
the receiver is disabled. It is an open drain output which can be used as an interrupt 


to the processor. | 





21 Read/Write R; Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2449 is selected. D7-0 drives out (read) when this signal 
is low and accepts data input when this signal is high. The input only has meaning 
when the CE input is active. . 

x 
x 


character from the processor. ltgoes high when the datacharacteris loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


Transmitter Tx 
empty/data DS 
set change 


MT/ | Output; This signal is the complement of Status Register 1, bit 2 (SR12). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DM or RR inputs has occurred. This 
signal also goes low if the S!, SB, SQ, TM or IC experience a change of state if the 
corresponding input is enable for interrupt. Interrupt enable bits are located in the3 
most significant bits of Status Register 2 (SR2). This output goes high when Status 
Register 1 is read by the processor, if the TxEMT condition does not exist. Otherwise, 
the THR must be loaded by the processor for this line to go high. It isan open 
drain output which can be used as an interrupt to the processor. 








| Reset RESET | Input; A high on this input performs a master reset on the COM 2449. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 


with the appropriate control words. 


Supply Voltage +5 volt supply. 


TABLE 4— DEVICE RELATED SIGNALS 


FUNCTION 


Input: Serial data to the receiver. “Mark” is high, “space” is low. 








CE 
/W 
RxRDY 
Transmitter TxRDY | Output; This signal is the complement of Status Register 1, bitO (SR10). When low, it 
Ready indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
E 
CHG 
ce 
























Input: This general purpose signal can be used for “incoming call” status from the 
DCE. Its complement appears in Status Register 2 bit 0 (SR20). When this input is 
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will 
cause a low output on TXEMT/DSCHG. 





















Input: This general purpose signal can be used for “test mode” status from the DCE. 
Its complement appears in Status Register 2 bit 1 (SR21). When this input is enabled 
for interrupt via Status Register 2, bit 6 (SR26) a change in its state will cause a low 
output on TXEMT/DSCHG. 


Input: This general purpose signal can be used for “signal quality” status from the DCE. 
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled 
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out- 
put on TXEMT/DSCHG. 
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SECTION I! 





TABLE 4—DEVICE RELATED SIGNALS (Cont'd) 


NAME SYMBOL “FUNCTION — , 


Transmitter - 
Clock/External 
Sync 





Indicator 


Signalling Rate 
Indicator 


Clear to Send 
= ee 
pee Baud Rate Clock | BRCLK 


Hel ional Be 


Request to Send 


31 Terminal Ready 


Receive Clock/ 
Break Detect 


Receiver Ready 
New Signal 


Local Loopback 


Remote 
Loopback 


Select Standby 


Select 

Frequency/ 
Signal Rate 
Select > 


Terminal in 
Service 


Input or Output: If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1X, 16X, or 64X the 
baud rate as programmed by mode Register 1. The transmitted data changes on the 
falling edge of the clock. If the internal transmitter clock is programmed, this pin can 
be a 1X/16X clock output or an external jam synchronization input. 


Input: This general purpose signal can be used for “standby indicator” status from 
the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is 
enabled for interrupt via Status Status Register 2 bit 7 (SR27), a change in its state will cause 
a low output on TXEMT/DSCHG 





Input: This general purpose signal can be used for “signalling rate indicator” status 
from the DCE. Its complement appears in Status Register 2 bit 4 (SR24). When this 
inputis enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state 
will cause a low output on TXEMT/DSCHG. 


Input: This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


Output: Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 


Input: Clock input to the internal baud rate generator (See Tables 2a, b, and c); not 
required if the external receiver and transmitter clocks are used. 


Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring 
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). DM 
causes a low output on TxEMT/DSCHG when its state changes if CR2 or CRO=1. 


Output: This general purpose signal is the complement of the Command Register 
bit 5 (CRS). tt is normally used to indicate Request to Send. If the Transmit Shift 
Register is not empty when CRS& is reset (1 to 0), then RS will go high on TxC time 
after the last serial bit is transmitted. 


Output: This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Terminal Ready. 


Input or Output: If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock: If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 
break detect output. 


Input: This signal must be low in order forthe receiver to function. The complement 
appears in Status Register 1 bit 6 (SR16). RR causes alow output on TxEMT/DSCHG 
when its state changes if CR2 or CRO=1. If RR goes high while receiving, the RxC is 
internally inhibited. 


Output: This signal is used to tell the DCE that a new line signal at the DTE 

has occurred. This output will go to its low active state when the Output Register, 
bit 0 (ORO) is set to a logic 1. This output will go to its high inactive state when the 
Output Register bit O (ORO) is set to a logic 0 and the RR input goes high. 


Output: This general purpose signal can be used to inform the DCE ofa “local 
loopback” test condition. It is the complement of Output Register bit 1 (OR1) 
which has direct control over the state of this output. 


Output: This general purpose signal can be used to inform the DCE ofa “remote 
loopback” test condition. It is the complement of Output Register bit 2 (OR2) 
which has direct control over the state of this output. 


Output: This general purpose signal can be used to select the normal or standby 
communication facilities of the DCE. It is the complement of Output Register bit 3 
(OR3) which has direct control over the state of this output. 


Output: This general purpose signal can be used as a combined “Select Frequency” 
and “Signal Rate Select”. It is the complement of Output Register bit 4 (OR4) 
which has direct control over the state of this output. 


Output: This general purpose signal can be used to inform the DCE ofa 
“Terminal in Service” condition. It is the complement of Output Register bit 5 





(ORS) which has direct control over the state of this output. 
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Table 1 COM 2449 vs. COM 2661 


| wewourrurs | _eouwaventen 
NEW OUTPUTS EQUIVALENTS 


SF/SR__ select frequency/ 
signal rate select 


NEW INPUTS 


Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2449-2 (BRCLK =4.9152MHz) 


ACTUAL 
FREQUENCY PERCENT 
16X CLOCK ERROR 


0.7279kHz 
0.8 
1.2 
1.7598 
2.152 
2.4 
4.8 
9.6 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 
614.4 


\ 
| °° 
eS 


Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2449-1 (BRCLK =4.9152MHz) 


ACTUAL 


BAUD 
RATE 
50 
75 


110 
134.5 
150 
200 
300 
600 
1050 
1200 
1800 
2000 
2400 
4800 
9600 
19200 


19.2 
28.7438 
31.9168 

38.4 

76.8 

153.6 
307.2 


FREQUENCY PERCENT 
16X CLOCK ERROR DIVISOR 


7 Oo 
lsliiiiei 
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Table 2c BAUD RATE CHARACTERISTICS 
2449-3 (BRCLK =5.0688MHz) 


ACTUAL 
BAUD FREQUENCY PERCENT 
RATE 16X CLOCK ERROR 


a 


ao 


Ae i eK de = | 


u 
nN 
a 


NOTE: 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and 
BRGcan be used only for TxC. 


COM 2449 OPERATION 


The functional operation of the COM 2449 is programmed 
by a set of contro! words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2449 Programming section of this data sheet. 


After programming, the COM 2449 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 


Receiver 

The COM 2449 is conditioned to receive data when the 
RR input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 


79 


SECTION tl 





COM 2449 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 
LOAD Mode Register 1 must be written 
MODE REGISTER 2 | before 2 can be written. Mode Register 2 


need not be programmed if external 
clocks are used. 


NOTE 
SYN1 Register must be written 


LOAD before SYN2 can be written, and 
SYN 1 REGISTER SYN2 before DLE can be written. 
DOUBLE /) 
TRANSPARENT 
LOAD MODE? 


SYN 2 REGISTER 


LOAD 
DLE REGISTER 
LOAD 
COMMAND REGISTER 


ow ow om en ae 


| OPERATE i 


ome om oe ond 


Y 
DISABLE RECEIVER Fi 
AND TRANSMITTER gure 1 





Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the Rx output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed_ into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a Start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 


When the COM 2449 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a0 to 1 
transition of RXEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2449 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2449 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a characteris assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 


Transmitter 

The COM 2449 is conditioned to transmit data when the 
CS input is low and the TXEN command register bit is 
set. The COM 2449 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TXRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
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Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TXEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2449 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2449 unless the 
processor fails to send a new character to the COM 2449 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2449 
asserts TXEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when anew 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 


COM 2449 PROGRAMMING 


Prior to initiating data communications, the COM 2449 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2449 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM 2449 are accessed by 
applying specific signals to the CE, R/W, A2, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 


TABLE 5—COM 2449 REGISTER ADDRESSING 


Cas [aw _ncrion ——__| 


Tri-state data bus 
Read receive holding register 
Write transmit holding register 
Read status register 1 

Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 

Write command register 

Read output register 
Write output register 
Read status register 2 
Write status register 2 
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The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A2=0, 
A1=0, AO=1, and R/W=1. The first operation loads the 
SYN1 register. The next loads the SYN2 register, and the 
third loads the DLE register. Reading or loading the 
mode registers is done in a similar manner. The first 
write (or read) operation addresses Mode Register 1, 
and a subsequent operation addresses Mode Register 2. 
If more than the required number of accesses are made, 
the internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 Register and 


Mode Register 1 by a RESET input or by performing a 
“Read Command Register’ operation, but are unaffected 
by any other read or write operation. 


The COM 2449 register formats are summarized in 
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define 
the general operational characteristics of the COM 2449, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the two Status Registers. The status registers 
are cleared when a RESET input is applied. 





MODE REGISTER 1 (MR1) 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MRi12 select a character length of 5, 6, 7, or 8 
bits. The character length does notinclude the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asynchronous mode, MR17 and MR16 select character 


framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17 =0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


TABLE 6— MODE REGISTER 1 (MR1) 





ASYNCH: STOP BIT LENGTH 
OO=INVALID 

01=1 STOP BIT 

10=1% STOP BITS 

11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 

O=DOUBLE SYN 

1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 
O=NORMAL 
1=TRANSPARENT 


O=DISABLED 
1=ENABLED 


Shean SS ee eee 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 15xX if 


internal clock is selected. Mode must be selected (MR11, MA10) in any case. 





MODE REGISTER 2 (MR2)_ . 


Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2449 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 


COM 2651 and COM 2661-3. MR23-20 are don't cares if 
external clocks are selected (MR25-24=0). The indi- 
vidual rates are given in table 2a, b and c. 


MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 


TABLE 7— MODE REGISTER 2 (MR2) 


MR-27-MR24 , 


TxC RxC Pin9 Pin 25 TxC 


E E 
E | 
! E 
| | 
E E 
E I 
| E 
| I 


-—-mm--—-mm 


NOTES 


1.When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 


RxC 
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Pin 9 Pin 25 


RxC/TxG 
BKDET 
RxC 
BKDET 
RxC/TxG 
BKDET 
RxC 
BKDET 


Mode 


sync 
async 
sync 
async 
sync 
async 
sync 
async 


Baud Rate Selection 


See baud rates in table 2 


E=External clock 
|=Internal clock (BRG) 
1X and 16X are clock outputs 


COMMAND REGISTER (CR) 


Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be_ neglected. Bits CR1 (TR) and CR5 (RS) 
control the TR and RS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 











the TxD output low (spacing condition) at the end of the. 


current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for atleast 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 1 
(SR13, SR14, and SR15) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RS) is set, the RS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to 0 transition of CR65 will 
cause RS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if ine: transmit shift 
register was not empty). 


The COM 2449 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 


The operational sub-mode is determined by CR7 and 


CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 
In asynchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic Echo mode. Clocked, regenerated 


received data are automatically directed to the TxD line - 


while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 


be enabled. Processor to receiver communications con- 


tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 


placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TxRDY_output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TXEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MRi6: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. !n the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 








3. In transparent mode (MR16=1), characters in the - 


data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR13 and SR15). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. 

2. TR is connected to RR and RS is connected to CS. 

3. The receiver is clocked by the transmit clock. ° 

4. The TR, RS and TxD outputs are held high. 

5. The CS, RR, DM and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (TR), and CR5 
(RS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2449. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
. placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are 
held high. 

. CR1 (TxXEN) is ignored. 

6. All other signals operate normally. 
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O0=FORCE RS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1=FORCE RS 
OUTPUT LOW 


00=NORMAL OPERATION 
O1=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 


O0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


10=LOCAL LOOP BACK 
REMOTE LOOP BACK 


PE/OLE DETECT) 





ASYNCH: 
FORCE BREAK 
O=NORMAL 
1=FORCE 
BREAK 
SYNCH: 
SEND DLE 
O=NORMAL 
1=SEND DLE 


O=FORCE TR 

OUTPUT HIGH 
1=FORCE TR 
OUTPUT LOW 


O=DISABLE 
1=ENABLE 


O=DISABLE 
1=ENABLE 


TABLE 8— COMMAND REGISTER (CR) 
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STATUS REGISTER 1 (SR1) 


The data contained in the Status Register 1 (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SR10 is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR11, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR12, when set, indicates a 
change of state of the DM or RF RR inputs (when CR2 or 
CRO=1), the SI, SB, SQ, TM or TC inputs (when 
SR25, SR26, or ‘SR27 = 1) or that the Transmit Shift 
Register has completed transmission of a character 
and no new character has been loaded into the Transmit 
Data Holding Register. Note that in synchronous mode 
this bit will be set even though the appropriate “fill” 
character is transmitted..-TxEMT will not go active until 
at least one character has been transmitted. It is cleared 
by loading the Transmit Data Holding Register. The 
DSCHG condition is enabled when TxEN =1 or RXEN=1. 





It is cleared when status register 1 is read by the 
processor. If status register 1 is read twice and SR12=1 
while SR16 and SR17 remain unchanged, then a TxXEMT 
condition exists. When SR12 is set, the TXEMT/DSCH G 
output is low. 


SR13, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. . 


The. Overrun Error status bit, SR14, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the timeanew 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR15 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR15=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when 
Status Register 1 is Lets by the processor in the syn- 
chronous mode. 


SR16 and SR17 reflect the conditions of the RR and DM 
inputs respectively. A low input sets the corresponding. 
status bit and a high input clears it. 





Data Mode Receiver Ready FE/SYN Detect | Overrun | PE/DLE Detect TxEMT/DSCHG RxRDY - TxRDY 


O=RR INPUT 
1S HIGH 
1=RR INPUT 

ISLOW 


0=DM INPUT 
iS HIGH 

1=DM INPUT 
IS LOW 


ASYNCH: o= NORMAL 


O=NORMAL 
1=FRAMING 
ERROR 


SYNCH: 


0=NORMAL 
1=SYN CHAR 
DETECTED 


ERROR 


1=OVERRUN 


ASYNCH: 
0=NORMAL 
1=PARITY 


SYNCH: 


0=NORMAL 
1=PARITY 





0=NORMAL 
1=CHANGE 
IN DSR OR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


O=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


0=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


OLE CHAR 
RECEIVED 


TABLE 9—STATUS REGISTER 1 (SR1) 
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STATUS REGISTER 2 (SR2) 


The Data contained in the 5 least significant bits (SR20 
to SR24) reflect the conditions of the IC, TM, SQ, SB 
and SI inputs respectively. A low input sets the corre- 
sponding status bit high and a high input clears the 
corresponding status bit low. These 5 bits or read only. 


The three most significant bits (SR25 to SR27) allow 
interrupts to be enabled on the 5 inputs reflected in 
SR20 to SR24. 


Setting SR25 enables an interrupt to occur when the IC 


SR27 SR26 SR25 SR24 
Interrupt Interrupt Interrupt Signal Rate 
Enable 1 Enable 2 Enable 3 Indication 


0=S! INPUT 
1S HIGH 

1=Si INPUT 
is LOW 


1=INTERRUPT 
ON IC STATE 
CHANGE 


1=INTERRUPT 
ON TM STATE 
CHANGE 


1=INTERRUPT 
ON SQ, SI, $B 
STATE 
CHANGE 


input signal experiences a change of state. Setting SR26 
enables an interrupt to occur when the TM input signal 
experiences a change of state. Setting SR27 enables an 
interrupt to occur when the SQ, SI, or SB input signals 
experience a change of state. All interrupts enabled in 
these 3 bits will be reflected in the DSCHG/TxEMT output 
signal and its corresponding status bit (SR12). These 3 


bits can be read as well as written according to Table’ 


5. Table 10 illustrates bit assignments of Status Register 2. 


SR23 SR22 SR20 
Standby Signal Incoming 
Indicator 


Quality Call 


o=1C INPUT 
IS HIGH 

1=1C INPUT 
1S LOW 


0=TM INPUT 
IS HIGH 

1=TM INPUT 
IS LOW 


0=SQ INPUT 
IS HIGH 

1=SQ INPUT 
IS LOW 


0=SB INPUT 
IS HIGH 

1=SB INPUT 
IS LOW 


TABLE 10—STATUS REGISTER 2 (SR2) 





OUTPUT REGISTER (OR) 


This 6 bit read write register (OR5-ORO) controls the 6 
new output signals added to the COM2449. OR5-1 
directly control the state of the IS, SF/SR, SS, RL, and 
LL respectively. 


Terminal 
In service 


0=iS OUTPUT 0=SF/SR OUTPUT 
GOES HIGH HIGH 

1=IS OUTPUT 1=SF/SR OUTPUT 
GOES LOW LOW 


= 
Frequency/ 
Signal rate 

select 


DON'T DON'T 
CARE CARE 


Select 
Standby 


0=SS OUTPUT 
HIGH GOES HIGH 
1=SS OUTPUT 
LOW GOES LOw 





ORO when set to a logic 1 will cause the NS output to 
become low. When ORO is set to a logic 0 the NS output 
will not change until the RR input goes high. 


Table 11 illustrates bit positions of the Output Register. 


Remote Local New 
Loopback Loopback Signat 


0=NS OUTPUT GOES 
HIGH ONLY WHEN 
RRINPUT GOES HIGH 

1=N5 OUTPUT GOES 
LOW 


o=CL OUTPUT 
GOES HIGH 
1=RL OUTPUT 
GOES LOw 


0=RL OUTPUT 


1=RL OUTPUT 


TABLE 11—OUTPUT REGISTER (OR) 
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ASYNCHRONOUS MODE 


TxC (IX) 


DATA 4 





(Pauod) SINVYDVIC ONIWIL 


SYNCHRONOUS MODE 


ASYNCHRONOUS MODE 


SYNDET 
STATUS BIT 


READ READ 
STATUS STATUS 


RxRDY 


OVERRUN 
STATUS BIT 


CE FOR 
READ 


NOTES 


A _ Start bit 

B_ Stop bit 1 

C Stop bit2 

D TxD marking condition 


Se 


READ 
RHR 
(DATA 1) 


<< 


READ 
RHR 
(DATA 3) 


IGNORED 


fe 

Ld 
READ 

RHR 
(DATA 3) 


Cc 
' 
' 
t 
' 
t 
! 


|) 


READ 
RHR 
(DATA 3) 
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(PA{UOD) SINVHDVIGC ONIWIL 


Txt 
(INPUT) 


Tc 
(OUTPUT) 


" Do-Dz 
(READ) 


- BUS 
FLOATING 


TIMING DIAGRAMS (Cont'd) 


TRANSMIT 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 7 


READ AND WRITE 


BRCLK. TxC, RxC 


RECEIVE 


RxC (1x) 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


tes —>| fr ! tes= XSYNC SETUP TIME=300ns 


Phy a tu=XSYNC HOLD TIME= ONE RxC 
XSYNC ' 
—| ty 
1 


CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


Rx CHARACTER=5 BITS, NO PARITY 


‘ 
LOOK FOR START BIT=LOW(IF RxD IS HIGH} 
LC OK FOR HIGH TO LOW TRANSITION) ' 


rece START BIT CHECK MADE (RxD Low)! 
‘ 


A TECTER BIT 

Dd 
1ST DATA BIT 

SET FE BIT’ MISSING STOP BIT DETECTED, 

SAMELEO SET FE BIT. 

O—RHR, ACTIVATE RxADY. 

SET BKDET PIN. 

NOTE RxD INPUT—RxSR UNTIL A MARK 

*If the stop bit is present, the start bit TO SPACE TRANSITION OCCURS. 

search will commence immediately. 





MAXIMUM GUARANTEED RATINGS* 


Opérating Temperature Ranges occa v cits vedev ead Presume s eeee yer ahnhw stato Gatho, Sart a+. OC to + 70°C 
Storage Teniperature Range: asa sccweren sara cers eves Goes eeeeed wie TS ewe eed ane o oe — 55°C to + 150°C 
Lead Temperature (soldering, 10 Se.) 3.2 c:ocicin siete snes Sones ses Schade ie Y APe Sages Wale Rede 4 + 325°C 
Positive Voltage on any Pin, with respect tO Ground 0.0... .. cece ccc cece een nee entree eee nen e eens +18.0V 
Negative Voltage on any Pin, with respect to ground ........ ccc cece ete eee teen ees -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 

outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 

DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 

the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V+5% 


PARAMETER 
Input voltage 
Vit Low 
View High 
Output voltage 
Vo Low 
Von High 2.4 
L 


Iie Input leakage current 


Output leakage current 
Ii Data bus high Vo=4.0V 
Ie Data bus low Vo=0.45V 
lec Power supply current 


Capacitance 
Input fe= 1MHz 
Output Unmeasured pins tied 
Input/Output to ground 


PARAMETER 


Pulse width 
tres Reset 
tce Chip enable 


Setup and hold time 
Address setup 
Address hold 
R/W control setup 
R/W control hold 
Data setup for write 
Data hold for write 
Rx data setup 
Rx data hold 


Data delay time for read 
Data bus floating time 
for read 

CE to CE delay 


300 
350 
Input clock frequency 
Baud rate generator 1.0 4.9152 4.9202 
(2449-1, -2) 

Baud rate generator 1.0 5.0688 5.0738 

— (2449-3) — 

TxC or RxC dc : 
75 


Clock width 
Baud rate high ferc=4.915MHz; measured 
(2449-1, -2) at Vin 
Baud rate high farc=—5.0688MHz; measured 
(2449-3) at Vin 
Baud rate low fera=4.915MHz; measured 
(2449-1, -2) at Vir 
Baud rate low fergc=5.0688MHz; measured 
——. (2449-3) at Vir 
TxC or RxC high 
TxC or RxC low 


TxD delay_from falling 

edge of TxC C.= 150 pF 
Skew between TxD 

changing and falling 

edge of TxC output C.=150 pF 


C.=150pF 
C.=150pF 





NOTE: 


1. faa and tam. shown all modes except Local Loopback. For Local Loopback mode 
far=0.7MHz and tar_=700ns min. 
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TYPICAL APPLICATIONS 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 


TO TERMINAL OR 
TO CRT TERMINAL PERIPHERAL DEVICE 


CONTAOL BUS 


EIA TO TTL 
CONVERT 


TxO 
COM 2449 COM 2449 SYNCHRONOUS 


OR PERIPHERAL 
DEVICE 
5.0688 MHz 
CRT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


CONTROL BUS 


CONTROL BUS 


ADDRESS BUS ADDRESS BUS 


DATA BUS DATA BUS 


COM 2449 COM 2449 


5.0688 MHz { 
OSCILLATOR 
TELEPHONE TELEPHONE 
LINE LINE 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 

Se  —— information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 Marcus Blvd , Hauppauge. N.Y. 11788 


assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 - TWX-510-227-8898 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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TANDARD MICROSYSTEMS 
CORPORATION COM2601 
—-" 





Universal Synchronous Receiver/Transmitter 
USRT 


FEATURES PIN CONFIGURATION 





> 
= 
C1 STR, BSC— Bi-sync and interleaved bi-sync 5 
modes of operation : Pe 
CL] Fully Programmable— data word length, parity 3 
mode, receiver sync character, transmitter : 
sync character 6 
LC) Full or Half Duplex Operation—can receive and 4 
transmit simultaneously at different baud rates 9 
C] Fully Double Buffered — eliminates need for i 
. precise external timing : 
C] Directly TTL Compatible—no interface 14 
components required - 
C] Tri-State Data Outputs — bus structure oriented i 
CL] 1BM Compatible— internally generated SCR 19 
and SCT signals aes 
CL] High Speed Operation — 250K baud, 200ns PACKAGE: 40-Pin D.I.P. 
strobes 


CL] Low Power—300mW | 


O meat phelecied eliminates paneng problems FUNCTIONAL BLOCK DIAGRAM 
CL] Dip Package — easy board insertion ; DB8 DB7 DBG DBS DB4 083 DB2 DBI 


‘ ; 14°13 «120«411~—=«410 
APPLICATIONS DATA BUS 
CO) Bi-Sync Communications 
DATA SYNC 
C) Cassette I/O REGISTER 
CI) Floppy Disk I/O 
E MULTIPLEXER 


TIMING 
GENERAL DESCRIPTION 


The Universal Synchronous Receiver/ Transmitter 
is an MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions area 
associated with synchronous (STR, BSC, Bi-sync, REGISTER 
and interleaved bi-sync) data communications. 
This circuit is fabricated using SMC’s P-channel 

low voltage oxide-nitride technology, allowing 

all inputs and outputs to be directly TTL 

compatible. The duplex mode, baud rate, data 

word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 

controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
ability to interface with all synchronous peripherals. 


91 


RD8 RD7 ROG ROS RD4 ROS RD2 RD1 





PIN NO. 


15 


16 


SYMBOL 


Voc 


TBMT 


TSO 


GND 


SCT 


Vpp 


DB1-DB8 


RR 


RPE 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Power Supply 


Transmitter 
Buffer Empty 


Transmitter 
Serial Output 


Ground 


Sync Character 
Transmitted 


Power Supply 


Data Bus Inputs 


Receiver Reset 


Receiver 
Parity Error 


FUNCTION 


+5 volt Supply 


This output is at a high-level when the transmitter data 
buffer register may be loaded with new data. 


This output serially provides the entire transmitted 
character. This character is extracted from the transmitter 
data buffer register provided that a TDS pulse occurs during 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 


Ground 


This output is set high when the character loaded into the 
transmitter shift register is extracted from the transmitter 
sync register, indicating that the TDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 


—12 volt Supply 


This 8 bit bus inputs information into the receiver sync 
register under control of the RSS strobe, into the transmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 


This input should be pulsed to a high-level after power 
turn-on. This resets the RDA, SCR, ROR, and RPE outputs 
to alow-level. The transition of the RR input from a high- 
level to a low-level sets the receiver into the search mode 
(bit phase). In the search mode the serially received data bit 
stream is examined on a bit by bit basis untilasync character 
is found. A sync character is found, by definition, when the 
contents of the receiver sync register and the receiver 

shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 


This output is a high-level if the received character parity | 
bit does not agree with the selected parity. 
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DESCRIPTION OF PIN FUNCTIONS 
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PINNO. SYMBOL NAME FUNCTION 
17 SCR Sync Character This output is set high each time the character loaded into 
Received the receiver buffer register is identical to the character in 
the receiver sync register. This output is reset low the next 
time the receiver buffer register is loaded with a character 
which is not a sync character. 
18 TSS Transmitter Sync A high-level input strobe loads the character on the DB1- 
Strobe DB8 lines into the transmitter sync register. 

19 TCP Transmitter Clock The positive going edge of this clock shifts data out of 
the transmitter shift register, at a baud rate equal to the 
TCP clock frequency. 

20 TDS Transmitter Data A high-level input strobe loads the character on the DB1- 

Buffer Strobe DB8 lines into the transmitter data buffer register. 
21 RSS Receiver Sync A high-level input strobe loads the character on the DB1- 
Strobe DB8 lines into the receiver sync register. 

22 RSI Receiver Serial Input This input accepts the serial bit input stream. 

23 RCP Receiver Clock The negative-going edge of this clock shifts data into the 
receiver shift register, ata baud rate equal to the RCP 
clock frequency. 

24 RDAR Receiver Data A high-level input resets the RDA output to a low-level. 

Available Reset 
25 RDE Received Data A high-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register 
26 RDA Receiver Data This output is at a high-level when an entire character has 
Available been received and transferred into the receiver buffer 
register. 
27 ROR Receiver Over- This output is at a high-level if the previously received 
Run character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 
28-35 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Output Unused data output lines, as selected by NDB1 and NDB2, 
have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
36, 38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 
NDBI1 Bits or 8 data bits/character as per the following truth table: 


NDB2 NDBI1 data bits/character 
L L 
L H 6 
H L 7 
H H 8 
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DESCRIPTION OF PIN FUNCTIONS 


PINNO. SYMBOL | NAME FUNCTION 


37 NPB No Parity Bit A high-level input eliminates the parity bit from being 

transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the RPE output is 
forced to a low-level. See pin 40, POE. 


39 cs Control Strobe A high-level input enters the control bits (NDB1, NDB2, 
POE, and NPB) into the control bits register. This line may 
be strobed or hard wired to a high-level. 


40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 
’ Select input, determines the parity mode for both the reciever and 
transmitter, as per the following table: 


NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 


X = don’t care 


ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 


Transmitter 


TOP 





OUTPUT 





Receiver 


“RCP. 









Vir 
OUTPUT Teno  Tep1 UNITS 
RDA NA 1.0 us 
5 a oo ROR 2.0 2.6 US 
RPE 20 . 25 us 
OUTPUT SCR 2.0 2.5 us 
RD1-RD8 2.5 2.5 us 





~ RCP 
@ 250KHz | | | 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... cece cee cece cece cece tence nsec eeseeens 0°C to +70°C 
Storage Temperature Range ........ ccc cece cece cece ect ee cnet esters ceees —55°C to +150°C 
Lead Temperature (soldering, 10 SCC.) 0.0... ccc cece cece cence eee eeeeeeeseeeees +325°C 
Positive Voltage ON ANy PIN, VCC 2... ke cece cece eee tet e eee teen ene tenenreseeees +0.3V 
Negative Voltage on any PIN, VCC oo. cece cece cee eee cence teen eee eee teeeeens —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational! 


sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V +5%, Von = —12V +5%, unless otherwise noted) 


Parameter Min Typ 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vit Vppb 
High-level, Vin Vcec-1.5 
OUTPUT VOLTAGE LEVELS 
Low-level, Vor 
High-level, Vor 2.4 
INPUT CURRENT 
Low-level, lit 
OUTPUT CURRENT 
Leakage, ILo 
Short circuit, los** 
INPUT CAPACITANCE 
All inputs, Cin 5 
OUTPUT CAPACITANCE 
All outputs, Court 10 
POWER SUPPLY CURRENT 
Icc 
lop 
A.C. CHARACTERISTICS 
CLOCK FREQUENCY DC 
PULSE WIDTH 
Clock 1 
Receiver reset 1 
Control strobe 200 
Transmitter data strobe 200 
Transmitter sync strobe 200 
Receiver sync strobe 200 
Receiver data available 
reset 200 
INPUT SET-UP TIME 
Data bits >0 
Control bits >0 
INPUT HOLD TIME 
Data bits >0 
Control bits >0 
STROBE TO OUTPUT DELAY 
Receive data enable 180 
OUTPUT DISABLE :-DELAY 100 


ates 
of 


**Not more than one output should be shorted at a time. 


NOTES: 


Max 


0.8 
Vcc 


0.4 


1.6 


—1 
10 


10 
20 


28 
28 


250 


250 
250 


Unit 


<< << 





Conditions = 
4 
o 
& 
P77) 
lor =1.6mA 
lon = —100uA 
see note 1 


RDE= Vir, O =Vout = +5V 
Vout = OV 


Vin = Voc, f = 1MHz . 


Roe = Vit, f= 1MHz 


All outputs = Vou 


Ta = +25°C 
RCP, TCP 


RCP, TCP 
RR 

CS 

TDS 

TSS 

RSS 


RDAR 


DB1-DB8 
NPB, NDB2, NDB1, POE 


DB1-DB8 

NPB, NDB2, NDB1, POE 
Load = 20pf +1 TTL input 
RDE: Tpeo1, Tepo 

RDE 


1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA 


maximum flows during a transition of the input. 


2. The three-state output has 3 states: 
1) low impedance to Vcc 
2) low impedance to GND 
3) high impedance OFF = 10M ohms 
The OFF state is controlled by the RDE input. 


95 


DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER 


The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 
receiver sync character (synchronous idle charac- 
ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high- 
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync characteris found. Async charac- 
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re- 
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 


The input clock frequency for the transmitter is set 


at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 
register. Internal logic decides if the character to be . 
transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans- 
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
If the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans- 
mitter sync register and the Sync Character Trans- 
mitted output is set to ahigh level. Full double buffer- 
ing eliminates the need for precise external timing by 
allowing one full character time to load the next 
character to be transmitted. 


There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly - 
TTL compatible. Tri-state data output levels are 
provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 


FLOW CHART — TRANSMITTER 










TURN POWER ON 
SET CONTROL BITS—PULSE CS 


SELECT BAUD RATE— 






LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
ally REGISTER 

CT =0 


TBMT = =1 





HAS 
A FULL CHARACTER 
BEEN TRARSMIETED 


SET SYNC CHARACTER oR THE DATA BUS— PULSE TSS 
P 


TRANSMIT 1 BIT 
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LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 
ScT=1 





SET DATA BITS ONTO 
DATA BUS— PULSE TDS 
TBMT 


SET SYNC CHARACTER 
ONTO DATA BUS— 
PULSE TSS 












FLOW CHART— RECEIVER 


TURN POWER ON 
SELECT CONTROL BSITS— PULSE CS 


SET RECEIVER SYNC CHARACTER ONTO DATA BUS— PULSE RSS 
PULSE RR—SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR =0 










SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 







DO THE 
CONTENTS OF THE 
RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 
OF THE RECEIVER 
SYNC REGISTER 
? 


= 
i=] 
= 
o 
uw 
wn 





YES 
SET THE RECEIVER INTO THE CHARACTER MODE 
SCR=1 


LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER—RDA = 1 
EXAMINE OUTPUTS, PULSE RDAR, RDA = 0 
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS—PULSE RSS 









SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 


HAS 
A COMPLETE CHARACTER 
BEEN Aeeeee 











DO THE 
CONTENTS OF THE 
RECEIVER SHIFT REGISTER 
COMPARE TO THE CONTENTS 

OF THE RECEIVER 
SYNC AESIStER 













YES 
SET SCR=1 SET SCR=0 






HAS 
THE PROPER 
PARITY BIT 
BEEN RECEIVED 
? 






YES 
SET RPE=0 SET RPE =1 





YES 
SET ROR =0 SET ROR=1 
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USRT TIMING DIAGRAM 


Data Character ——»}+——_ Data Character 


t¢#———_ Sync Character <a ee Data Character Data Character 


Het Ska al 
ae | ede er Za ae econo ee! es eee AP 
! | | 


RDA be plea ——— 
|__} _ 4 Notes ee l 


ROR 1 | a | 
I | | 
Sa a (SOR (2 SOOO 


RPE 


The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec- 


onds after this clock transition. 


If itis desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond prior to this 
clock transition. 


In order to avoid an ROR 
indication the leading edge of 
the RDAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 

of the first bit after the last data 
bit on the RS! input. 


The ROR, RPE, SCR and RD1- 
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
bit on the RSI input. The RDA 
output is set high at the next 
negative clock transition. 


The solid waveforms corre- 
spond to acontrol register 
setting of 5 databits anda 
parity bit. The dashed wave- 
forms are for a setting of 6 data 
bits and no parity bit. 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
Cs 


35 Marcus Blvd. Hauppauge. N.Y. 11788 
(516) 273-3100 = TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 
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STANDARD MICROSYSTEMS 
——_— 






COM 2651 


[LPC FAMILY 


Programmable Communication Interface 
PCI 


FEATURES 


CL] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
(1 Re-programmable ROM on-chip baud 
rate generator 
L] Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— Internal Character Synchronization 
— Transparent or Non-Transparent Mode 
— Automatic SYNC or DLE-SYNC Insertion 
— SYNC or DLE Stripping 
— Odd, Even, or No Parity 
— Local or remote maintenance loop back mode 
CL] Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
— Line Break Detection and Generation 
—1,1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
— Parity, Overrun, and framing error detect 
— Local or remote maintenance loop back mode 
— Automatic serial echo mode 
C) Baud Rates 
— DC to 1.0M Baud (Synchronous) 
— DC to 1.0M Baud (1X, Asynchronous) 
— DC to 62.5K Baud (16X, Asynchronous) 
— DC to 15.625K Baud (64X, Asynchronous) 
C) Double Buffering of Data 


PIN CONFIGURATION 


28 D1 
27 DO 

26 Vcc 

25 RxC 

24DTR 

23 RTS 

22 DSR 

21 RESET 

20 BRCLK 

19 TxD 

18 TxEMT/DSCHG 
17CTS 

16 DCD 

15 TxRDY 


D4 

D5 

D6 

D7 
TxC 9 
A110 

CE 11 
A012 
R/W 13 
RxRDY 14 


1 
2 
3 
4 
5 
6 
7 
8 


Package: 28-pin D.1.P. 





O Internal or External Baud Rate Clock 
—16 Internal Rates:50 to 19,200 Baud 

CL] Single +5 volt Power Supply 

CJ TTL Compatible 

CL No System Clock Required 

C) Compatible with 2651, INS2651 


GENERAL DESCRIPTION 


The COM 2651 is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology 
that meets the majority of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn- 
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
Operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 

The COM 2651 is a Universal Synchronous/ 
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Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 


p-4 
S 
= 
Oo 
wu 
” 





DATA BUS 
DO-D7 


DATA BUS 


OPERATION CONTROL 


MODE REGISTER 1 
MODE REGISTER 2 
COMMAND REGISTER 


STATUS REGISTER 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 


A 
CLOCK CONTROL 


MODEM 
CONTROL 


BUFFER | 


SYN/OLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 


COM 2651 ORGANIZATION 


The COM 2651 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 


Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 
Timing 

The COM 2651 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. 

Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
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technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 

The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2651 and a modem. 


SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 


Interface Signals 


The COM 2651 interface signals can be grouped into two 
types: the processor-related signals (shown in Table 2) which 
interface the COM 2651 to the processor, and the device- 
related signals (shown in Table 3), which are used to inter- 
face to the communications equipment. 


TABLE 2—PROCESSOR RELATED SIGNALS 








SYMBOL FUNCTION 









Address 





D7-D@ Bidirectional: 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2651 and a processor. D@ is the least significant bit; D7 is the most 
significant bit. 





A1,AQ | Input; Address lines used to select COM 2651 registers. 





Chip Enable 


CE Input; when this signal is low, the operation specified by the R/W, A1 and A@will be 
performed. When this input is high, D7-@ are in the high impedance state. 








Read/Write 





Receiver Ready 





R/W Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-@ when the COM 2651 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 





RxRDY | Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 





Transmitter 
Ready 


TxRDY | Output; This signal is the complement of Status Register bit 0(SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It isan open drain output which can be 
used as an interrupt to the processor. 
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Transmitter 
empty/data 
set change 


= 





TxEMT/ | Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
DSCHG | indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It isan open drain output which can be used as an interrupt 
to the processor. 











bs 


Reset 





[ Reset Input; A high on this input performs a master reset on the COM 2651. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


26 —_—_| Supply Voltage +5 volts supply. 

































































4 Ground GND Ground. 
TABLE 3— DEVICE RELATED SIGNALS 
PIN NO. NAME SYMBOL FUNCTION 
3 Receive Data RxD Input; Serial data to the receiver. “Mark” is high “space” is low. 
9 Transmitter TxC Input or Output; If the external transmitter clock is programmed, this input controls 
Clock the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 

rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at 1X the programmed Baud rate. 

16 Data Carrier DCD Input; This signal must be !ow in order for the receiver to function. The complement 

Detect appears in the Status Register bit 6 (SR6). When this input changes state a low output 
on TXEMT/DSCHG occurs. 

17 Clear to Send iz CTS Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 

| | before termination. 

19 lfrensmit Data TxD Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 

| held in the “Mark” condition when the transmitter is disabled. 

20 Baud Rate Clock; BRCLK | Input; The standard device requires a 5.0688MHz clock to the internal Baud rate 
generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip 
allows for user specificed Baud rates and input frequency. Consult the factory for 

| | details. This input is not required if external receive and transmit clocks are used. 

22 Data Set Ready DSR Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). When this input 
changes state, a low output on TXEMT/DSCHG occurs. 

23 Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5 

[ (CRS). It is normally used to indicate Request to Send. 
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TABLE 3— DEVICE RELATED SIGNALS 

















PIN NO. NAME SYMBOL 
24 Data Terminal DTR 








25 Receive Clock RxC 


Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 


Input or Output; If the external receiver clock is programmed, this input controls the 

rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 

clock. If internal receiver clock is programmed, this pin becomes an output at 1X the 
programmed Baud rate. 








FUNCTION 

















COM 2651 OPERATION 


The functional operation of the COM 2651 is programmed 
by a set of contro! words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 


After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specificed by the control words. 


Receiver 

The COM 2651 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit[s]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return to a high 
condition before a search for the next start bit begins. 


When the COM 26571 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on aO to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 





to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2651 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 


Transmitter 

The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TXEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
IXRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a Start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2651 
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asserts TxEMT and automatically “fills” the gap by 


COM 2651 can be reconfigured at any time during pro- 

gram execution. However, if the change has an effect on 

the reception of a character the receiver should be dis- SOUbLe J) 

abled. Alternatively if the change is made 12RxC periods 

after RxRDY goes active it will affect the next character ee, ee 
TRANSPARENT 


LOAD MODE? 
SYN 2 REGISTER 


transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. COM 26s tINEAC AON ELON SHent 
Normal transmission of the message resumes when anew INITIAL RESET 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is — 
true, the DLE character is automatically transmitted prior 
to transmission of the message character in the transmit ae 
holding register. LOAD Mode Register 1 must be written 
before 2 can be written. Mode Register 2 
COM 2651 PROGRAMMING peed net be programmed if external 
Prior to initiating data communications, the COM 2651 preheater 
operational mode must be programmed by performing 
write operations to the mode and command registers. NOTE 
In addition, if synchronous operation is programmed, Y SYN1 Register must be written — 
the appropriate SYN/DLE registers must be loaded. The before SYN2 can be written, and z 
SYN 1 REGISTER SYN2 before DLE can be written. = 
oO 
uo 
ae) 





assembly. A flowchart of the initialization process 
appears in Figure 1. 


The internal registers of the COM 2651 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
A0=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
than the required number of accesses are made, the r-— -———4 
internal sequencer recycles to point at the first register. CEBRATE | 
The pointers are reset to SYN1 Register and Mode et es 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2651 register formats are summarized in Y 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, sola adcats 
while the Command Register controls the operation 
within this basic framework. The COM 2651 indicates Figure 1 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 





ral 


| ar | ao | Rw | FUNCTION 


Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 


Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 





ooo0ooo0o°co 
-—-+- 20000 Xx 
—-~-O0O0;=-00X 
-O7- 0-00 X 





NOTE 
See AC Characteristics section for timing requirements. 


Table 4— COM 2651 REGISTER ADDRESSING 





103 


MODE REGISTER 1 (MR1) 


Table 5 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. OO specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 


performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asychronous mode, MR17 and MR‘16 select character 
framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. Also DLE 
stripping and DLE Detect (with MR14=0) are enabled. 





wt [oe 
Sync/Async Parity Type 


Parity Control 


Character Length 





ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1'% STOP BITS 

11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 


0=DOUBLE SYN 
1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 


O=NORMAL 
1=TRANSPARENT 


0=DISABLED 
1=ENABLED 





Mode and Baud Rate Factor 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=ASYNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 


internal clock is selected. Mode must be selected (MR11, MR10) in any case. 


TABLE 5—MODE REGISTER 1(MR1) 





MODE REGISTER 2 (MR2) 


Table 6 illustrates Mode Register 2. MR23, MR22, MR21, 
and MR20 control the frequency of the internal Baud 
rate generator (BRG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK input (pin 20), 
the BRG output has Zero error except at 134.5, 2000, and 
19,200 Baud, which have errors of. +0.016% +0.253%, 
and +3.125% respectively. 


MR25 and MR24 select either the BRG or the external 


inputs TxC and RxC as the clock source for the trans- 
mitter and receiver, respectively. If the BRG clock is 
selected, the Baud rate factor in asynchronous mode is 
16X regardless of the factor selected by MR11 and MR10. 
In addition, the corresponding clock pin provides an 
output at 1X the Baud rate. Custom Baud rates other 
than the ones provided by the standard part are avail- 
able. Contact the factory for details. 





| Transmitter Receiver 
Clock Clock 








| O=EXTERNAL | O=EXTERNAL 


NOT USED 1=INTERNAL 1=INTERNAL 














Actual 
Frequency Percent 
16X Clock Error 


Theoretical 
Baud Frequency 


Rate 16X Clock Divisor 


top) 


w 


.01 
25 


=s 
o 


NOTE ‘Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X. 


Baud rates are valid for crystal frequency = 5.0688MHz 


TABLE 6—MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 


Table 7 illustrates the CommandRegister. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will then remain in the 
marking state (high) while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 


Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SRS ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 


The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 


1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TXRDY output=1. 

4. The Tx /DSCHG pin will reflect only the data set 
change condition. 








CR5 





Request to 


Operating Mode 


00=NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 
10=LOCAL LOOP BACK 
11=REMOTE LOOP BACK 


O=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


O0=FORCE RTS 
OUTPUT HIGH 
1=FORCE ATS 
OUTPUT LOW 


PE/DLE DETECT) 


5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 


1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. !n the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. However, only the first 
SYN1 of an SYN1-SYN1 pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR85). 


Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 


1. The transmitter output is connected to the receiver 
input. meee a 

2. DTR is connected to DCD and RTS is connected to 
CTS. 

3. The receiver is clocked by the transmit clock. 

4. The DTR, RTS and TxD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 


Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2651. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

. CRO (TXEN) is ignored. 

. All other signals operate normally. 


ee ee 
Receive Data Terminal Transmit 
Syne Aeyne Control (RxEN) Control (TxEN) 
ASYNCH: 


FORCE BREAK 


O=NORMAL 
1=FORCE 
BREAK 


SYNCH: 
SEND DLE 
0=NORMAL 
1=SEND DLE 








forts) & Wh 


O0=FORCE DTR 
OUTPUT HIGH 
1=FORCE DTR 
OUTPUT LOW 


0=DISABLE 
1=ENABLE 


0=DISABLE 
1=ENABLE 





TABLE 7— COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero. there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TXEMT/DSCHG bit, SR2, when set, indicates either 








a change of state of the DSR or DCD inputs or that the | 


Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn- 
chronous mode this bit will be set even though the 
appropriate “fill” character is transmitted. TxEMT will not 
go active until at least one character has been trans- 
mitted. It is cleared by loading the Transmit Data Hold- 


ing Register. The DSCHG condition is enabled when 
TxEN = 1 or RxEN = 1. It is cleared when the Status Reg- 
ister is read by the processor. When SR2is set, the TXEMT/ 
DSCHG output is low. 

SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
acharacter matching the DLE Register has been received. 
However, only the first DLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis- 
abled and by the Reset Error command, CR4. 

The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. eer 
In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by the programmed 
number of stop bits. (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
0’s when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=14), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the ~ 
Status Register is read by the processor in the syn- 
chronous mode. = 
SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 























SR7 SR5 SR4 SR3 SR2 ’ $R1 | sro 
babe ae ceatnrsait let FE/SYN Detect Overrun PE/DLE Detect | TxEMT/DSCHG RxRDY 
0= DSR INPUT 0=DCD INPUT | ASYNCH: 0=NORMAL O=NORMAL O=RECEIVE 0=TRANSMIT 
IS HIGH ISHIGH b= NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDING REG | HOLDING 
1=DSRINPUT | 1=DCDINPUT | 4_ceaminG ERROR 0=NORMAL IN DSR OR EMPTY REG BUSY 
IS LOW IS LOW EHRGR 1=PARITY DCD, OR 1=RECEIVE 1=TRANSMIT 
ERROR TRANSMIT HOLDING REG | HOLDING 
eNCH: SYNCH: SHIFT REGIS- | HAS DATA REG EMPTY 
0=NORMAL 7 TERIS 
1=SYN CHAR O0=NORMAL EMPTY 
DETECTED VEE ARLTY. 
ERROR 
OR 
DLE CHAR 
RECEIVED 











TABLE 8—STATUS REGISTER (SR) 
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TIMING DIAGRAMS 


TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}) 


Te (1X) 


SYNCHAONOUS MODE 


DATA 4 


ASYNCHRONOUS MODE 


NOTES 


A =Start bit 

B =Stop bit 1 

C =Stop bit 2 

O =TxD marking condition 


TxEMT goes low at the beginning of the last data bit. or, if parity is enabled, at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


——$—— 
IGNORED 


SYNOET 
STATUS BIT 


SYNCHRONOUS MODE 


READ 
STATUS 
(DATA 3) (DATA 3) 


AxROY 


ASYNCHRONOUS MODE 


OVERRUN 
STATUS BIT 


NOTES 


> Start bit 
- Stopbit1 
Stop bit 2 
- TxD marking condition 
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TIMING DIAGRAMS (Cont'd) 


BRCLK, TxC, Rx 


TRANSMIT RECEIVE 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) =) 


Txc 
(INPUT) 


TxC 
(OUTPUT) 


READ AND WRITE 


Do-D, 
(WRITE) 


Do-D7 BUS 
(READ) FLOATING 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... ccc cc ccc cece eee ee eee e eee b nee e eee eben ete nenbnnes 0°C to + 70°C 
Storage: Temperature Range 2 icc ced et ieee taer yen eet cen eccs ae iwakesteae eawiaxewdedonbaies —§5°C to +150°C 
Lead Temperature (Soldering, 10 SEC.) oo... ec cee eee eee e eee ee ee been t eee een eet eneeeaeeee +325°C 
Positive Voltage on any Pin, with respect to QroUNd ...... ccc ccc cc cee eee ete e eee en eee tenets eteeeee +18.0V 
Negative Voltage on any Pin, with respect tO QrouUNd ....... ee ccc cece eee cence nett eee e tne e ete eeteenes —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power tine may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V +5% 


























PARAMETER MIN TYP MAX UNIT TEST CONDITIONS 
Input voltage 
Vit Low 0.8 V 
Vin High 2.0 
Output voltage 
Vor Low 0.4 V lo. =1.6mMA 
Vou High 2.4 lon = —100uA 
liv input leakage current 10 LA Vin=0 to 5.25V 
Output leakage current 
lo Data bus high 10 LA Vo=4.0V 
luc Data bus low 10 LA Vo=0.45V 
loc Power supply current 150 mA 
Capacitance 
Cin Input 20 pF 
fo= 1MHz 
Court Output 20 pF Unmeasured pins tied 
to ground 
Cio Input/Output 20 pF 


AC ELECTRICAL CHARACTERISTICS Ta=O0°C to +70°C, Vec=5.0V +5% 
































PARAMETER MIN TYP MAX UNIT TEST CONDITIONS 
Pulse width 
tres Reset 1000 ns 
toe Chip enable 300 ns 
Setup and hold time : | 
tas Address setup 20 ns 
tay Address hold 20 ns 
tes R/W control setup 20 ns 
ton R/W control hold 20 ns 
tos Data setup for write 225 ns 
ton Data hold for write 0 ns 
taxs Rx data setup 300 ns 
taxH Rx data hold 350 ns _| 
too Data delay time for read 250 ns C.=100pF 
tor Data bus floating time 
__for read 150 ns C.i=100pF 
tcep CE to CE delay 700 ns 
Input clock frequency 
ferg Baud rate generator 1.0 5.0688 5.0738 MHz 
far TxC or RxC dc 1.0 MHz 
Clock width 
ter Baud rate high 70 ns fernc=5.0688MHz 
tert __ Baud rate low 70 ns feac=5.0688MHz 
try TxC or RxC high 500 ns 
tan’ TxC or RxC low 500 ns 
trxp TxD delay from falling 
edge of TxC 650 ns C.=100pF 
tres Skew between TxD 
changing and falling 
edge of TxC output 0 ns Ci=100pF 
NOTE: 


1. faz and tar. shown for all modes except Local Loopback. For Local Loopback mode 
fat =0.7 MHz and tat_=700ns min. 
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TYPICAL APPLICATIONS 


SYNCHRONOUS INTERFACE 
TO TERMINAL OR 
PERIPHERAL DEVICE 


ADDRESS BUS AODRESS BUS 
CONTROL BUS CONTROL BUS 


DATA BUS DATA BUS 


ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 


EIA TO TTL 
CONVERT 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
DEVICE 


COM 2651 COM 2651 


5.0688 MHz 
CAT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


ADDRESS BUS ADDRESS BUS 
CONTROL BUS CONTROL BUS 


OATA BUS DATA BUS 


COM 2651 COM 2651 


HLLAT! 
TELEPHONE TELEPHONE 
LINE LINE 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
———————————r—— information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


36 Marcus Bid , Hauppauge. NY 1i7eg-« ASSUMEed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWX-5t0-227-8898 | devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


110 


STANDARD MICROSYSTEMS 


STANDARD MICROSYSTEMS COM 2661-1 
——=— 


COM 2661-2 
COM 2661-3 


UPC FAMILY 


Enhanced Programmable 
Communication Interface 


EPCI 


CL] Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 
L] Re-programmable ROM on-chip baud 
rate generator 
LJ) Synchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters 
— Selectable 1 or 2 SYNC Characters 
— Internal or External Character Synchronization 
— Transparent or Non-Transparent Mode 
— Transparent mode DLE stuffing (Tx) 
and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
— Odd, Even, or No Parity 
—Local or remote maintenance loop back mode 
CL] Asynchronous Mode Capabilities 
— Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 
—Line Break Detection and Generation 
—1, 1%, or 2-Stop Bit Detection and Generation 
— False Start Bit Detection 
— Odd, Even, or No Parity 
—Parity, Overrun, and framing error detect 
—Local or remote maintenance loop back mode 
—Automatic serial echo mode (echoplex) 
_) Baud Rates 
—DC to 1.0M Baud (Synchronous) 
—DC to 1.0M Baud (1X, Asynchronous) 
—DC to 62.5K Baud (16X, Asynchronous) 
—DC to 15.625K Baud (64X, Asynchronous) 


PIN CONFIGURATION 


28D1 
27 DO 

26 Vec 

25 RxC/BKDET 
24DTR 

23RTS 

22DSR 

21 RESET 

20 BRCLK 


TxC/XSYNC 
A110 19 TxD 

CE 11 18 TxXEMT/DSCHG 
A012 17CTS 
R/W 13 16DCD 


RxRDY 14 15 TxRDY 


Package: 28-pin D.I.P. 


(J Double Buffering of Data 

(J RxC and TxC pins are short circuit protected 
L] Internal or External Baud Rate Clock 

(13 baud rate sets (2661-1, -2, -3) 

CJ) 16 internal rates for each version 

[J Single +5 volt Power Supply 

LJ TTL Compatible 

LJ No System Clock Required 

C1) Compatible with EPCI 2661 


GENERAL DESCRIPTION 


The COM 2661 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica- 
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini- 
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen different baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom- 
modate different baud rates and different starting 
frequencies. 


111 


The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time.. 
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DATA BUS 
00-D7 


DATA BUS 


OPERATION CONTROL 


ROM 
RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR 
AND 
CLOCK CONTROL 


MODEM 
CONTROL 


BUFFER | 


SYN/DLE CONTROL 


SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


RECEIVER 


RECEIVE DATA 
HOLDING REGISTER 


RECEIVE 
SHIFT REGISTER 


COM 2661 ORGANIZATION 


The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to ail internal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 
Timing 

The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept externa! transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 


Receiver 


The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
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or characters that are unique to the communication 
technique and stores the “assembled” character in the 
receive data holding register until read by the processor. 


Transmitter 


The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 


Modem Control 


The modem control provides three output signals and 
accepts three input signals used for “handshaking” and 
status indication between the COM 2661 and a modem. 


SYN/DLE Control 


This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 


Interface Signals 

The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 


TABLE 3—PROCESSOR RELATED SIGNALS 


[PIN NO. | NAME SYMBOL FUNCTION 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 


between the COM 2661 and a processor. D@ is the least significant bit; D7 is the most 


Data D7-D 
significant bit. 


A1,A® | Input; Address tines used to select COM 2661 registers. 


Chip Enable Input; when this signal is low, the operation specified by the R/W, A1 and AQ will be 


performed. When this input is high, D7-@ are in the high impedance state. 
Read/Write 









Input; Processor read/write direction contro}. This signal defines the direction of the 
data bus D7-0 when the COM 2681 is selected. D7-9 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 


= 
> 


Receiver Ready Output; This signal is the complement of Status Register bit 1 (SR1). When tow, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 


to the processor. 





Transmitter 
Ready 


Output; This signal is the complement of Status Register bit 0 (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goeshigh when the datacharacteris loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


MeECE 








@ 


Transmitter Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
empty/data indicates that the transmitter has completed serialization of the last character loaded 
set change by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 

to the processor. 
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Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


Supply Voltage +5 volts supply. 
| 4 [Ground | GND_| Ground. 


TABLE 4—DEVICE RELATED SIGNALS 


NAME SYMBOL FUNCTION 


Input; Seria! data to the receiver. “Mark” is high “space” is low. 


| 
a 


Transmitter 


Input or Output; If the external transmitter clock is programmed, this input controls 
Clock/External XSYNC the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
Sync rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin can bea 
1X/16X clock output or an externa! jam synchronization input. 





= 
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Data Carrier DCD Input; This signal must be low in order for the receiver to function. The complement 
Detect appears in the Status Register bit 6 (SR6). DCD causes a low output on TXEMT/DSCHG 
when its state changes if CR2 or CRO=1. If DCD goes high while receiving, the RxC 

is internally inhibited. 


Clear to Send CTS Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 


before termination. 

Transmit Data ey 

Baud Rate Clock | BRCLK | Input; Clock input to the internal baud rate generator (See Tables 2a, b and c); not 
required if the external receiver and transmitter clocks are used. 
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Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is 
held in the “Mark” condition when the transmitter is disabled. 


Data Set Ready Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Register bit 7 (SR7). DSR causes a low 
output on TxEMT/DSCHG when its state changes if CR2 or CRO=1. 

Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5 

(CR8). It is normally used to indicate Request to Send. Ifthe Transmit Shift Registerisnot 


empty when CRS is reset (1 to 0), then RTS will go high on TxC time after the last serial 
bit is transmitted. 























Data Terminal 
Ready 


Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 


Receive Clock/ 
Break Detect 


Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora 

break detect output. 
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Table 1 COM 2661 vs. COM 2651 
1, MR2 Bit 6,7 
2. DLE detect-SR3 


Not used 
SR3=1 for DLE-DLE, 


Contro! pin 9, 25 
SR3=0 for OLE-DLE, 
OLE-SYNCt DLE-SYNC1 
Secondcharacterafter | Receiver disable, or 
DLE: or receiver CR4=1 

disable, or CR4=1 
One time command 


3. Reset of SR3, DLE 
detect © 


Reset via CR3 on next 
TxRDY 


None 


4. Send DLE-CR3 


5. DLE stuffing in 
transparent mode 


Automatic OLE stuffing 


when DLE is loaded 

except if CR3=1 

6. SYNC1 stripping ANUSYNC1 
in double sync 
non-transparent 
mode 

7, Baud rate versions 


8. Terminate ASYNC 
transmission 
(drop RTS) 


First SYNC1 of pair 


Three One 

Reset CRS in response to} Reset CRO when TxEMT 

TxRDY changing from | goes from 1 to0. Then 

Otol reset CRS when TxEMT 
goes from 0to1 

Pin25' FE and null character 

One Two 

Ping? No 

Improved over 2651 - 


Sink 2.2mA Sink 1.6mA 
Source 400pA Source 100uA 


9. Break detect 

10. Stop bit searched 
11, External jam sync 
12. Data bus timing 
13. Data bus drivers 





NOTES 
1, Internal BRG used for RxC. 
2. Internal BAG used for TxC. 


Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2661-1 (BRCLK = 4.9152MHz) 











ACTUAL 
BAUD FREQUENCY PERCENT 
MR23-20 RATE 16X CLOCK ERROR bivisoR 
0000 50 O0.8kHz a 6144 
0001 75 1.2 = 4096 
0010 110 1.7598 —0.01 2793 
0011 134.5 2.152 = 2284 
0100 150 24 - 2048 
0101 200 3.2 a 1536 
0110 300 48 - 1024 
ott 600 9.6 — 512 
1000 1050 16.8329 0.196 292 
1001 1200 19.2 - 256 
1010 1800 28.7438 —0.19 171 
1011 2000 31.9168 —0.26 154 
1100 2400 38.4 = 128 
1101 4800 76.8 - 64 
1110 9600 153.6 = 32 
1111 19200 307.2 _ 16 





Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2661 -2 (BRCLK=4.9152MHz) 








ACTUAL 
BAUD FREQUENCY PERCENT 
MR23-20 RATE 16X CLOCK ERROR DIVISOR 

0000 455 0.7279kHz 0.005 6752 
0001 50 08 = 6144 
0010 75 12 _ 4096 
0011 110 1.7598 —0.01 2793 
0100 134.5 2.152 aad 2284 
0101 150 24 - 2048 
0110 300 48 - 1024 
ont 600 96 - §12 
1000 1200 19.2 = 256 
1001 1800 28.7438 -0.19 171 
1010 2000 31.9168 —0.26 154 
1011 ° 2400 38.4 - 128 
1100 4800 76.8 - 64 
1101 9600 153.6 = 32 
1110 19200 307.2 ” 16 
1111 38400 614.4 = 8 





Table 2c BAUD RATE CHARACTERISTICS 
2661 ~3 (BRCLK =5.0688MHz) 













ACTUAL 
BAUD FREQUENCY ~— PERCENT 
MR23-20 RATE 16X CLOCK ERROR _DIVISOR 
oo00 =~ O.8kHz — 
0001 75 12 = 
0010 110 176 a 
0011 134.5 2.1523 0.016 
0100 150 24 = 
0101 300 48 os 
0110 600 96 al 
ont 1200 19.2 = 
1000 1800 28.8 = 
1001 2000 32.081 0.253 
1010 2400 38.4 = 
1011 3600 576 = 
1100 4800 76.8 cz 
1101 7200 115.2 a 
1110 9600 153.6 = 
111 19200 316.8 3.125 








1. 





NOTE. 
16X clock is used in asynchronous mode. In synchronous mode. Clock multiplier is 1X and 
BRG can be used only for TxC 


COM 2661 OPERATION 


The functional operation of the COM 2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2661 Programming section of this data sheet. 


After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 


Receiver 


The COM 2661 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Register, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
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bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a Start bit if it persists into the next bit 
time interval. lf a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 


When the COM 2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a0 to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 


SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2661 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 


External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 


Transmitter 


The COM 2661 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmission by setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD output remains in 
the marking (high) condition and the TxXEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 


In the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TxEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when anew 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 





COM 2661 PROGRAMMING 

Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 


The internal registers of the COM _2661 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
AO=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 


COM 2661 INITIALIZATION FLOW CHART 


INITIAL RESET 


LOAD 
MODE REGISTER 1 
NOTE 


LOAD Mode Register 1 must be written 
MODE REGISTER 2 | before 2can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 


NOTE 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 


TRANSPARENT 
MODE? 


LOAD 
SYN 2 REGISTER 


AD 


LO 
OLE REGISTER 


LOAD 
COMMAND REGISTER 


OPERATE 


be ee ee ope ee ee 





SECTION ft 





than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a “Read 
Command Register” operation, but are unaffected by any 
other read or write operation. 


The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2661, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 


pce | ar | ao | Rw | FUNCTION 


Tri-state data bus 
Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 
Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 
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NOTE 
See AC Characteristics section for timing requirements. 


Table 5—COM 2661 REGISTER ADDRESSING 





MODE REGISTER 1 (MR1) 


Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 


MR13 and MRi12 select a character length of 5, 6, 7, or 8 
bits. The character length does notinclude the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 


MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 


In asynchronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 


CS 


ASYNCH: STOP BIT LENGTH 
00=INVALID 

01=1 STOP BIT 

10=1% STOP BITS 

11=2 STOP BITS 


SYNCH: NUMBER 
OF SYN CHAR 

0=DOUBLE SYN 

1=SINGLE SYN 


SYNCH: TRANS- 
PARENCY CONTROL 

O=NORMAL 

1=TRANSPARENT 


NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 


O0=DISABLED 
1=ENABLED 





internal clock is selected. Mode must be selected (MR11, MR10) in any case. 


Mode and Baud Rate Factor 


00=SYNCHRONOUS 1X RATE 
01=ASYNCHRONOUS 1X RATE 
10=AS YNCHRONOUS 16X RATE 
11=ASYNCHRONOUS 64X RATE 


Character Length 


00=5 BITS 
01=6 BITS 
10=7 BITS 
11=8 BITS 


TABLE 6—MODE REGISTER 1 (MR1) 





MODE REGISTER 2 (MR2) 


Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 


COM 2651. MR23-20 are don’t cares if external clocks 
are selected (MR25-24=0). The individual rates are 
given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 


TxC RxC Pin9 = Pin 25 Tx 


E 
E 
t 
| 
E 
E 
I 
I 


—-m—-m—-m-—"mM 
--—-mm—-—-mm 


NOTES 


1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 


RxC 


-m—-m—-m-~-m 





Pin 9 
XSYNC' 


Pin 25 
RxC/TxC 


Mode Baud Rate Selection 


sync 
async 
sync 
async 
sync 
async 
sync 
async 


See baud rates in table 2 


E=External clock 1l=Internal clock (BRG) 
1X and 16X are clock outputs 


TABLE 7—MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 


Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A 0 to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output_will then remain in the 
marking state (high while the TXRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (DTR) and CR5 (RTS) 
control the DTR and RTS outputs. Data at the outputs 
are the logical complement of the register data. 


In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for atleast 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE—non-DLE char- 
acter sequences. 


Setting CR4 causes the error flags in the Status Register 
(SR38, SR4, and SR5) to be cleared. This is a one time 
command. There is no internal latch for this bit. When 
CR5 (RTS) is set, the RTS pin is forced low and the trans- 
mit serial logic is enabled. A 1 to0 transition of CR5 will 
cause RTS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 


The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 


In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 











placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. TXRDY output=1. 

4. The TXEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxXEN command (CRO) is ignored. 


In synchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 

1.In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 


Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR35). 


Two diagnostic sub-modes can also be configured. In 

Local Loop Back mode (CR7-CR6= 10), the following 

loops are connected internally: 

1. The transmitter output is connected to the receiver 
input. emt aera 

2. DTR is connected to DCD and RTS is connected to 
CTS. 





3. The receiver is clocked by the transmit clock. 

4. The DTR, RTS and [xD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 
Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CRS 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2661. 


The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 


1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

. The transmitter is clocked by the receive clock. 

. No data are sent to the local processor, but the error 
status conditions (PE, OE, FE) are set. 

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are 
held high. 

. CR1 (TXEN) is ignored. 

. All other signals operate normally. 





on F&F Wh 


[es [mw [| = [= | «| 


; Request to Receive Data Terminal Transmit 
mica ea Syne | Controi(RxeN) | Ready | Control (THEN) 


00 —-NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 


0 FORCE ARTS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1 FORCE RTS- 
OUTPUT LOW 


O=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 


SYNCH: SYN AND/OR 

DLE STRIPPING MODE 
10=LOCAL LOOP BACK 
11=REMOTE LOOP BACK 


PE/DLE DETECT) 





ASYNCH: 
FORCE BREAK 
O0=NORMAL 
1=FORCE 
BREAK 


SYNCH: 
SEND DLE 
O0=NORMAL 
1=SEND DLE 


O=FORCE OTR 
OUTPUT HIGH 
1=FORCE DTR 
OUTPUT LOW 


0=DISABLE 
1=ENABLE 


0=DISABLE 
1=ENABLE 


TABLE 8—COMMAND REGISTER (CR) 


2 
2 
— 
o 
uw 
iy) 





STATUS REGISTER (SR) 


The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 


SRO is the Transmitter Ready (TXRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 


SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set,it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Register or when the receiver is disabled by CR2. 
When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR2, when set, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CRO=1) or that the Transmit Shift Register has com- 
pleted transmission of a character and no newcharacter 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate “fill” character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSCHG condition is enabled 
when TxEN=1 or RxEN=1. It is cleared when the status 


Cw [= | | 
Data Set 
Ready 





Data Carrier 
meee ieee (| peyeae kar cet J overun 


0=DCD INPUT 
IS HIGH 

1=DCD INPUT 
iS LOW 


0=NORMAL 
1=OVERRUN 
ERROR 


0=DSR INPUT 
ISHIGH 

1=DSR INPUT 
ISLOW 


ASYNCH: 
O=NORMAL 
1=FRAMING 
ERROR 
SYNCH: 
0=NORMAL 
1=SYN CHAR 
DETECTED 


PE/DLE Detect’ | TxEMT/DSCHG RxRDY 





register is read by the processor. If the status register is 
read twice and SR2=1 while SR6 and SR7 remain 
unchanged, then a TXEMT condition exists. When SR2 is 
set, the TXEMT/DSCHG output is low. : 


SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 


The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time anew 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 


In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0’s when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 


SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 


TxRDY 


0=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


O=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


0=NORMAL 
1=CHANGE 
INDSROR 
DCO, OR 
TRANSMIT 
SHIFT REGIS- 
TERIS 
EMPTY 


ASYNCH: 


Q0=NORMAL 
1=PARITY 
ERROR 


SYNCH: 


O0=NORMAL 
1=PARITY 
ERROR 
OR 
OLE CHAR 
RECEIVED 


TABLE 9—STATUS REGISTER (SR) 
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TIMING DIAGRAMS . 


TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


Tx (1X) 


SYNCHRONOUS MODE 


=z 
2 
-— 
o 
tu 
(7) 





ASYNCHRONOUS MODE 


A =Start bit 

B =Stop bit 1 

C =Stop bit 2 

D =TxD marking condition 


TxEMT goes low 1 the beginning of the fast data bit, or, if parity is enabled, at the beginning of the parity bit. 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


<————— 
IGNORED 


SYNCHRONOUS MODE 


REAO READ READ 
STATUS RHR RHR 
(DATA 2) {DATA 3) 


AxADY 


ASYNCHRONOUS MODE 


OVERRUN 
STATUS BIT 


READ READ 
RH 


R RHA 
(DATA 1) (DATA 3) 
NOTES 
A =Start bit 
B =Stop bit 1 
C =Stopbit2 
O =TxD marking condition 
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TIMING DIAGRAMS (Conta) 


BRCLK, TxC, Axe 


‘TRANSMIT RECEIVE 


1 BIT TIME 


ee 


trxs-———— tAXH : 


Fixe (1x) 


Tx 
(OUTPUT) 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


READ one Se >| H tes= XSYNC SETUP TIME=300ns 


| 1 tu=XSYNC HOLD TIME= ONE RxC 
XSYNC ( h 
=| th <f—— 
I 


CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


Rx CHARACTER = 5 BITS, NO PARITY 


eUUllUuU UU UU 
a 
LOOK FOR START BIT=LOW(IF RxD IS HIGH! 
| LOOK FOR HIGH TO LOW TRANSITION) ' 
F FALSE START BIT CHECK MADE (RxD Low)! 
' 
es DATA VALID s& BUS FLOATING MISSING STOP BIT 


DETECTED 1ST DATA BIT 


SET FE BIT* SAMPLED MISSING STOP BIT DETECTED, 


SET FE BIT. 

0-- RHR, ACTIVATE RxRDY. 

SET BKDET PIN. 

NOTE RxD INPUT--RxSR UNTIL A MARK 
If the stop bit is present, the start bit TO SPACE TRANSITION OCCURS. 
search will commence immediately. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range -...... ccc cece cece etc e cence eee e eee e eee ee eeenneesseeeeesesenes 0°C to + 70°C 
Storage Temperature Range ........ ccc cece eee e eee e cece teeter tennessee eaeeeeenesveeeees —55°C to +150°C 
Lead Temperature (Soldering, 10 SCC.) oo... ccc e cece cere cence eee nee cee cess erases ensseeeeeseseneues +325°C 
Positive Voltage on any Pin, with respect to ground ........ cece eee c ccc cee tect eee eeceeeceeesveesecees +18.0V 
Negative Voltage on any Pin, with respect to Ground ....... cece cece ccc cee een c eta e eee eneceseeeecueeenace —0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 

Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their 

outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 


DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS Ta=0°C to + 70°C, Vec=5.0V+5% 



































PARAMETER | min | typ | max | UNIT TEST CONDITIONS 
Input voltage 
Vic Low V 
Vin High 2.0 
Output voltage 
Vou Low 0.4 V lor =2.2mA 
Von High 2.4 lon=—400uA 
bn Input leakage current a Rceeaioaks es (ee ees eee Vin=0 to 5.5V 
Output leakage current 
lun Data bus high 10 uA Vo=4.0V 
ite Data bus low 10 uA Vo=0.45V 
lec Power supply current See A 
Capacitance 
Cin Input 20 pF fo=1MHz 
Court Output 20 pF Unmeasured pins tied 
Cio Input/Output 20 pF to ground 
AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V+5% 
PARAMETER | min | typ | max | — UNIT TEST CONDITIONS 
Pulse width 
tres Reset 1000 
tce Chip enable 250 
Setup and hold time 
tas Address setup 
tan Address hold , 
tes R/W control setup 
ton R/W control hold 
tos Data setup for write 
tox Data hold for write 
taxs Rx data setup 
trxu Rx data hold 
too Data delay time for read 200 . Cr=150pF . 
tor Data bus floating time 
__for read 100 C.= 150pF 
tceo CE to CE delay 
Input clock frequency 
fara Baud rate generator 1.0 4.9152 4.9202 MHz 
(2661-1, -2) 
fara Baud rate generator 1.0 5.0688 5.0738 MHz 
(2661-3) 
far TxC or RxC 1.0 MHz 
Clock width 
tern Baud rate high fanc=4.915MHz; measured 
(2661-1, -2) atVin - 
teaH Baud rate high ferc=5.0688MHz; measured 
(2661-3) ~  atVin 
tear Baud rate low farc=4.915MHz; measured 
(2661-1, -2) at Vit 
tert Baud rate low ferc=5.0688MHz; measured 
(2661-3) at Vir 
tr tH Tx€ or RxC high 
tat TxC or RxC low 
toxo TxD delay from falling 
edge of TxC 650 C.= 150 pF 
ttcs Skew between TxD 
changing and falling 
edge of TxC output 0 C.= 150 pF 





NOTE: 
1. fa rand tar. shown all modes except Local Loopback. For Local Loopback mode 


fapr=0.7MHz and ta r= 700ns min. 
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TYPICAL APPLICATIONS 


ASYNCHRONOUS INTERFACE oars TERMINAL GE 
TO CRT TERMINAL 


CONTROL BUS : 


PERIPHERAL DEVICE 


Ya 


DATA BUS 


fo ane 


EIATO TTL 
4 “Convert 


5.0688 MHz 
CRT 
OSCILLATOR TEAMINAL 


SYNCHRONOUS 
TERMINAL 


COM 2661 OR PERIPHERAL 
DEVICE 


ASYNCHRONOUS INTERFACE , SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES TO TELEPHONE LINES 


FE _ae 


CONTROL BUS 


COM 2661 


5.0688 MHz 
OSCILLATOR 


STANDARD MICROSYSTEMS 
CORPORATION 


(516) 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 


DATA BUS. 


4 
= 
9 


COM 2661 


394249 44 


TELEPH TELEPHONE 
tne LINE 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Multi-Protocol 


Universal Synchronous Receiver/Transmitter 
USYNR/T 


FEATURES PIN CONFIGURATION 


QO Selectable Protocol—Bit or Byte oriented 

QC) Direct TTL Compatibility 

QO Three-state Input/Output BUS 

XC Processor Compatible—8 or 16 bit 

C High Speed Operation—1.5 M Baud—typical 

C2 Fully Double Buffered—Data, Status, and Control Registers 

0 Full or Half Duplex Operation—independent Transmitter and 
Receiver Clocks 

— individually selectable data 

length for Receiver and 
Transmitter 

O Master Reset—resets all Data, Status, and Control Registers 

C] Maintenance Select—built-in self checking 


=z 
= 
= 
o 
ui 
i“) 





PACKAGE: 40-Pin D.I.P. 





BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP BYTE ORIENTED PROTOCOLS—BiSync, DDCMP 
O Automatic bit stuffing and stripping O Automatic detection and generation of SYNC characters 
C Automatic frame character detection and generation 
CQ Valid message protection—a valid received message is SELECTABLE OPTIONS: 
protected from overrun O Variable Length Data—1 to 8 bit bytes 
C Residue Handling—for messages which terminate with a 0 Variable SYNC character—5, 6, 7, or 8 bits 
partial data byte, the number of valid D Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) 


data bits is available —VRC (odd/even parity) 
—None 
SELECTABLE OPTIONS: O Strip Sync—deletion of leading SYNC characters after 
0 Variable Length Data—1 to 8 bit bytes synchronization 
O Error Checking—CRC (CRC16, CCITT-O, or CCITT-1) O Idle Mode—idle SYNC characters or MARK the line 
—None 


O Primary or Secondary Station Address Mode 

O All Parties Address—APA 

QO Extendable Address Field—to any number of bytes 
O Extendable Control Field—to 2 bytes 

D Idle Mode—idle FLAG characters or MARK the line 
D Point to Point, Multi-drop, or Loop Configuration 


APPLICATIONS 
CJ Intelligent Terminals CJ Remote Data Concentractors 
C] Line Controllers L] Communication Test Equipment 
L] Network Processors L] Computer to Computer Links 


CL Front End Communications LJ Hard Disk Data Handler 
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General Description 


The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 


The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 


Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 witha 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 


The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control signals from the device and data to be 
transmitted in accord with RS334. 


The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 


References: 

1. ANSI—American National Standards Institute 3. El[A—Electronic Industries Association 
X353, XS34/589 TR30, RS334 
202-466-2299 202-659-2200 

2. CCITT—Consultative Committee for International 4.1BM 
Telephone and Telegraph General Information Brochure, GA27-3093 
X.25 Loop Interface—OEM Information, GA27-3098 
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044 
Term Definition Term Definition 
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1’s) 
CCP Control Character Protocols: BiSync, DDCMP LSB First transmitted bit, First received bit 
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit 
RDB Receiver Data Buffer RDP Receiver Data Path 
TDSR Transmitter Data Shift Register TDP Transmitter Data Path 
FLAG 01111110 LM Loop Mode 


ABORT 11111111 (7 or more contiguous 1’s) 
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BLOCK DIAGRAM 


MASTER 
RESET 
O 


TIMING & CONTROL 


TX SERIAL DATA OUT 


TX PARITY GEN 
SYNC/ADOR 
COMPARE 


DATA 
RSI OQ STEERING POELAY a Toole” sd 
(RCVR SERIAL INPUT) LOGIC 
MAINT © 
SEL 


RCVR 
TX DATA 
DATA TX DATA REG 
REGISTER eel 
O TsO 
(TX SERIAL OUTPUT} 
PARITY SPEC STUFF ZERO 
DETECT LOGIC DETECT TX DATA CONTROL @ CODES LOGIC 


FLG ABRT GA PARITY ERROR CAC ERROR 





TO TIMING & CONTROL 


DATA ™ RCVA T™ 
LENGTH SEL STATUS & DATA DATA 
REG 


CNTRL REG BUFFER BUFFER 
M eS S 


TRISTATE 1/0 BUS ADDRESS DECODE TRI STATE 1/0 BUS 


O ) ) O O @ O O ) O O O O O O 
OBIS 0814 DBI3 0812 DBI DBIif DBg9 OPENA BYTEOP DBg7) «BRE «= OBS OBF4 = BAB OBZ2 








PinNo. Symbol 
1 Vop 
2 RCP 
3 =RSI 
4 SFA 
5 RXACT 
6 RDA 
7 RSA 
8  RXENA 
9 GND 
10 DBg8 
11 DBg9 
12 DB1¢ 
13 DB11 
14 0B12 
15 DB13 
-16 DB14 
17 = -DB15 
18 W/R 
19 A2 
20—=—AI 
21 Ag 
22 BYTE OP 
23 DPENA 
24 DBg7 
25 DBg6 
26 DBMS 
27 = DB@4 
28 DBg3 
29 #DB#2 
30 DBI 
31 DBgg 
32 = Vec 
33 MR 
34  TXACT 
35  TBMT 
36 TSA 
37. +TXENA 
38 TSO 
39 TCP 
40 MSEL 


Description of Pin Functions 


Name 


Power Supply 
Receiver Clock 


Receiver Serial Input 


Sync/Flag 
Received 


Receiver Active 


Receiver Data 
Available 


Receiver Status 
Available 


Receiver Enable 


Ground 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Write/Read 
Address 2 
Address 1 
Address 0 
Byte Operation 


Data Port Enable 


Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 
Power Supply 
Master Reset 


Transmitter Active 


Transmitter Buffer 
Empty 


Transmitter Status 
Available 


Transmitter Enable 


Transmitter Serial 
Output 
Transmitter Clock 


Maintenance 
Select 


vO 


PS 
I 


I 
O 
O 


Oo 


Oo 


Function 


+12 volt Power Supply. 
The positive-going edge of this clock shifts data into the receiver shift register. 
This input accepts the serial bit input stream. 


This output is set high, for 1 clock time of the 

RCP, each time a sync or flag character is received. 

This output is asserted when the RDP presents the first data character of the 
message to the controller. In the BOP mode the first data characteris the first 
non-flag character (address byte). In the CCP mode: 1. if strip-syncis set; the 

first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 

mode the trailing (next) FLAG resets RXACT. Inthe CCP mode RXACT 

is never reset, it can be cleared via RXENA. 

This output is set high when the RDP has assembled an entire character and 
transferréd it into the| RDB. This output is reset by reading the RDB. 

This output is set high: 1. CCP—in the event of receiver over run (ROR) 

or parity error (if selected), 2. BOP—in the event of ROR, CRC error (if selected) 
receiving REOM or RAB/GA. This output is reset by reading the 

receiver status register or dropping of RXENA. 

Ahigh level input allows the processing of RSI data. A low 

level disables the RDP and resets RDA, RSA and RXACT. 

Ground 

Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Bidirectional Data Bus. 
Controls direction of data port. W/R=1, Write. W/R=0, Read. 

Address input—MSB. 

Address input. 

Address input—LSB. 

If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP =O, data port is 16 bits wide. 

Strobe for data port. After address, byte op, W/R and data are set-up DPENA 
may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. If writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 

Bidirectional Data Bus—MSB. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus—LSB. 

+5 volt Power Supply. 

This input should be pulsed high after power turn on. This will: clear all flags, and 
status conditions, set TBMT=1, TSO=1 and place the device in the primary 
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1's. 

This output indicates the status of the TDP. TXACT will go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 

This output is at a high level when the TDB 

or the TX Status and Control Register may be loaded with 

the new data. TBMT=0 on any write access to TDB or TX Status and 

Control Register. TBMT returns high when the TDSR is loaded. 

TERR bit, indicating transmitter underflow. 

Reset by MR or assertion of TSOM. 

A high level input allows the processing of transmitter 

data. 

This output is the transmitted character. 


Wire “OR” with DB@¢-DB@7 
For 8 bit data bus 


The positive going edge of this clock shifts data out of the 
transmitter shift register. 

Internally RSI becomes TSO and RCP becomes TCP. 
Externally RSI is disabled and TSO=1. 
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VCMMIUUI UL TCI 
Register Bit Assignment Chart 1 and 2 


DataBus Term Definition 
DB@8 RSOM Receiver Start of Message—read only bit. In BOP mode only, goes high when first non-flag (address byte) 
character loaded into RDB. It is cleared when the second byte is loaded into the RDB. 
DB¢9 REOM Receiver End of Message—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 
DB1¢d RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an 


ABORT character; if LM=1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 
Receiver Status Register or dropping of RXENA. 

DB11 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not 
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RXENA. 

DB12-14 =A,B,C Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated 
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 
= number of valid bits available in RDB (right hand justified). 

DB15 ERR CHK Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. In 
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 


Receiver Status Register 


CHK = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the z= 
message. - 
DB8 TSOM Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM initiates start of message. In BOP, TSOM=1 a 


generates FLAG and continues to send FLAG’s until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of 
SYNC register, continue until TSOM=0, then begin data. 2. IDLE=1 transmit out of TDB. In BOP mode there is also 





a Special Space Sequence of 16-0’s initiated by TSOM=1 and TEOM=1. SSS is followed by FLAG. 5 
DBS TEOM Transmit End of Message—W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then 2% 

FLAG; if TXENA=1 and TEOM=1 continue to send FLAG’s, if TXENA=0 and TEOM=1 MARK line. In CCP: 1. a2 

IDLE=0, TEOM=1 send SYNC, if TXENA=1 and TEOM=1 continue to send SYNC’s, if TXENA=0 and TEOM=1 

MARK line. 2. IDLE=1, TEOM=1, MARK line. seg 
DB10 TXAB Transmitter Abort—W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT = 

2. IDLE=1, transmit FLAG. 58 
DB11 TXGA Transmit Go Ahnead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. S 2 

Allows loop termination—GA character. ro 
DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 

transmission. In BOP automatically transmit: 1. |IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit: 

1. IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM. 

DB8-10 X,Y,Z Zz Y x —wW/R bits. These are the error control bits. 

0 0 0 X64 X12+ X54 1 CCiTT—Initialize to “1” 

0 0 1 X64 X12+ X54 1 CCITT—Initialize to “0” 

0 1 0 Not used 

0 1 1 X16+ X154+ X2+ 1—CRC16 

1 0 0 Odd Parity—CCP Only . 

1 0 1 Even Parity—CCP Only 2 

1 1 0 Not Used ° > 

1 1 1 Inhibit all error detection and transmission ia 

Note: Do not modify XYZ until both data paths are idle re) 
DBi11 IDLE IDLE mode select—W/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB ra 

asserted or in the event of data underflow. In CCP—controls the method of initial SYNC character transmission and 8 

underflow, “1° = transmit SYNC from TDB,, “0”=transmit SYNC from SYNC/ADDRESS register. o 
DB12 SEC ADD Secondary Address Mode—W/R bit. In BOP mode only—after FLAG tooks for address match prior to activating 8 

RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 2 


DB13 STRIP SYNC/LOOP Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In 
CCP—after second SYNC, strip SYNC; when first data character detected, set RXACT=1, stop stripping. 


DB14 PROTOCOL PROTOCOL—W/R bit. BOP=0, CCP=1 
DB15 *APA All Parties Address—W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will 
activate the RDP. 
DB13-15 TXDL Transmitter Data Length—W/R bits. 
TXDL3 TXDL2 TXDL1 LENGTH 
0 0 0 Eight bits per character 
1 1 - 1 Seven bits per character 
1 1 0 = Six bits per character 
1 0 1 Five bits per character 
1 0 OQ Four bits per character* 
0 1 1 Three bits per character* 5 
0 1 0 Two bits per character* 2 
0 0 1 One bit per character* & 
*For data length only, not to be used for SYNC character (CCP mode). ~ 
DB8-18  RXDL Receiver Data Length—W/R bits. 2 
RXDL3 RXDL2 RXDL1 LENGTH o 
0 0 0 Eight bits per character s 
1 1 1 Seven bits per character y 
1 1 0 __ Six bits per character a 
1 0 1 ‘Five bits per character Ss 
1 0 0 ‘Four bits per character a 
0 1 1 Three bits per character 
0 1 0 Two bits per character 
0 0 1 One bit per character 
DB11 EXCON Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD =1. 
DB1i2 EXADD Extended Address Field—W/R bit. in receiver only; LSB of address byte tested for a “1”. If NO—continue receiving 


address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1. 
“Note: Product manufactured before 1Q79 may not have this feature. 427 


Register Bit Assignment Chart 1 


REGISTER DP97 DP#6 DP#5 DP@4 DP#3 DPg2 DP#1 DPg¢g 

pete Data RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDg 

(Read Only- MSB LSB 
Right Justified- : 
Unused Bits=0) 

we oiled Data TD7 TD6 TDS TD4 TD3 TD2 TD1 Tog 

egister 

(Read/Write- MSB LSB 
Unused Inputs=X) 

Sync/Secondary SSA7 SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSAQ 
Address 

(Read/Write. MSB LSB 
Right Justified- 


Unused Inputs=X) 


Register Bit Assignment Chart 2 


REGISTER DP15 DP14 DP13 DP12 DP11 DP19 DPg9 DP#8 
Receiver Status ERR CHK Cc B A ROR RAB/GA  REOM RSOM 
(Read Only) 
TX Status TERR. 0 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 
Mode Control *APA PROTOCOL STRIP SECADD IDLE Z Y X 
(Read/Write) SYNC/ 
LOOP 
Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON ~~ RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 


“Note: Product manufactured before 1Q79 may not have this feature. 


Register Address Selection 


1) BYTE OP = 0, data port 16 bits wide 


A2 Al Register 
0 0 Receiver Status Register and Receiver Data Buffer 
0 Transmitter Status and Control Register and Transmitter Data Buffer 


Mode Control Register and SYNC/Address Register 
Data Length Select Register 


xxx xe 


1 
1 0 
1 1 
X = don't care 


2) BYTE OP = 1, data port 8 bits wide 


A2 Al Ag Register 
0 0 0 Receiver Data Buffer 
0 0 1 Receiver Status Register 
0 1 0 Transmitter Data Buffer 
0 1 1 Transmitter Status and Control Register 
1 0 0 SYNC/Address Register 
1 0 1 Mode Control Register 
1 1 0 _—_ 
1 1 1 Data Length Select Register 
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BOP TRANSMITTER OPERATION 


(PROCESSOR LOAD OR MASTER RESET) 
INITIALIZE 


MARK LINE 


NO 


NO 


ES 
SEND FLAG ; 


So 











SEND 
ABORT 
CHARACTER 


ES 


TRANSMIT 
ABORT 
CHARACTER 


SEND 
GO AHEAD 


SEND 1 BYTE 
OF DATA 
FROM TOB 





STUFF ZERO, 
ae 2 ale 
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CCP TRANSMITTER OPERATION 


INITIALIZE 
(PROTOCOL = 1; X¥Z = CRC 16) 
SET MODE 


YES 
TRANSMIT 


SYNC FROM 
SYNC REG 












SEND SYNC 







SERIALIZE 
DATA 
ACCUMULATE 
CRC 


YES 


TRANSMIT 
CRC 







. RESET 
UNDERRUN 


TRANSMIT 
SYNC 


YES 


O€l 


CCP RECEIVER TIMING 


Jr “i, “Si, Bis wi. EE 


W/R=1 W/R=0 W/R=0 W/R=0 W/R=0 


READ READ READ 
NOTE 1 
DPENA _Ilre Js Jeeta 1 SL 


(not clock edge related) READ 


ETX 
RXENA eee eel 


—+| 
ee [Tom TT TO 





exact A | | | 


ROR -_—_ NOTE 3 
ERR CHK sent L 


NOTE 1—Mode set for CCP with CRC selected 
NOTE 2—if overrun had occured —no READ STX 
NOTE 3— ERR CHK must be sampled before next byte or before RXENA brought low 





CCP TRANSMITTER OPERATION 


2 onus perry, Zilia 
ap lle | 


| 

] 

| 

——— | 

TXENA ee ie | 
| 

| 

| 

| 


NOTE 1 
MODE SYNC TSOM=1 


| 


ce ee ee ee ee ee ee ee 


FIRST SYNC SECOND SYNC | 


lye SENT yy ENT | 


: ¢ 
WY), | | | | | STX DATA ETX cRC MARK 
TSO 
| 
}/-<*—_—_ sync ———> << sno} 
NOTE 1—Mode is CCP with CRC selected 


NOTE 2—Trailing edge of DPENA must occur at least one-half 
clock pulse prior to TBMT=1 to avoid underrun 


Leb 


BOP RECEIVER TIMING 


rie irae dele eo i elie de el alahahaly 


MA WwiR=0 W/R=0 W/R=0 WIR=0 wih=0 WIR=0 WIR=0 WIA=0 


WA «1 Address Byte Read Status ControlByte OataByte#1 DataByte#2 OataByte #3 DataByte #4 Read Status 
n 
oe 
NOTE 1 ] Hn 
OPENA ___|hore: ws ke Lh 
Not clock edge retated 


i 


iss be—FLAG... —.FLAG-= 
» WIMM__\ [" acs [ee ie [Ree ae Tew [ew Jw | 
mm A__ jel a teil “cal 
i = 


ERR, CHK, ABC, : ne nn ree 
ROR, RAB/GA NOTE 2 


NOTE 1—If required-but not done in this exampie. --- ---- en 
NOTE 2—If no DPENA to read Data Byte #2. 


BOP TRANSMITTER OPERATION 


oe Lege i ele ee ey ail a i: 


TXENA ee ax a ae 


' 
1 
1 
! 
! 
' 
' 
4 
' 
' Load 
t 
t 
' 
1 
1 
' 


TSOM=1 TSOM=0 pacress 1 Control Data on Data Byte TEOM=1 
DPENA Note t>| | | 
not clock edge related 
TBMT 


oes a eae res a =. 


TXACT Wi | a 
ven Saal ee ee 
1 1} | | | | Address Byte Control Byte | Last Data Byte CRC \ | | + ee ee 


Note 1-—Trailing edge of DPENA must occur at least one-half clock 
SECTION I! 


pulse prior to TBMT = 1. To avoid underrun. 


AC TIMING DIAGRAMS 


RCP | 
TCP | 300 ns 


300 ns 
RXACT 
TBMT 
300 ns 

RDA, RSA 
DPENA DPENA 
W/R=1 W/R=0 
to Transmitter to Receiver 
Registers Registers 

300 ns 300 ns 
TBMT 
RDA, RSA \ 


RXENA 
300 ns, min 


Resets: RDP-RDA, RSA, 
RXACT, receiver 


300 ns , : 
es into search 
TXACT mode (for FLAG) 
Note: Unless otherwise specified all times are maximum. 
Data Port Timing 


BYTE OP. WR. 
Ar A. Ao 


Tas TWOPENA Tan 


DPENA - 2 
DBgJ-DB15 EE, 
DATA ff / 


READ FROM USYNR/T 


Tos | TOH 
0829-0815 BUS 
DATA FLOATS 


WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... 6... ccc ccc cece eee een ee anne ne fee enes o°Cto+ 70°C 
Storage Temperature Range ........ cece cece ce eee teen eee eee teen teen ene enes —55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.) 6. ccc eee cee eee eee e nent eee tere nee +325°C 
Positive Voltage on any Pin, with respect to ground ..... 22... ieee cece eee eee nent enn nee +18.0V 
Negative Voltage on any Pin, with respect to QrouUnd «0.6.6... cece cece cece eee nett eee e net e nee -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 





ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, Vop=+12V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 V 
High Level, Vin 2.0 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level, Vor 0.4 V lo.=1.6ma 
High Level, Vou 2.4 loH=40ua 
INPUT LEAKAGE 
Data Bus 5.0 50.0 pa 0<Vin<5v, DPENA=0 or W/R=! 
All others pa Vin=+5v 
INPUT CAPACITANCE 
Data Bus, Cin pf 
Address Bus, Cin pf 
Clock, Cin pf 
All other, Cin pf 
POWER SUPPLY CURRENT . 
Icc 70 ma 
lop 90 ma 
A.C. Characteristics Ta=25°C 
CLOCK-RCP, TCP 
frequency DC 1.5 MHz 
PWu 325 ns 
PW. 325 ns 
tr, tt 10 ns 
DPENA, Tworena 250 50 us ns 
Set-up Time, Tas 0 ns 
Byte Op, W/R 
Az, A1, Ao 
Hold Time, Tax 0 ¢ ns 
Byte Op, WIR, 
Aa2, At, Ao 
DATA BUS ACCESS, Tora 150 ns 
DATA BUS DISABLE DELAY, Toro 100 ns 
DATA BUS SET-UP TIME, Toss 0 ns 
DATA BUS HOLD TIME, Tpsx 100 ns 
MASTER RESET, MR 350 ns 
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Receiver Data 
and 


Receiver Status 
Access Sequence 


Preferred reading sequence of receiver RDA and RSA. 








Read RDA and RSA prior to reading 
data or status 








YES 
READ RDB 
READ 
STATUS 


READ RDB 





READ 
STATUS 






EXIT 
CCP RECEIVER OPERATION BOP RECEIVER OPERATION 














INITIALIZE PROTOCOL-1 PROCESSOR LOAD 
TEST MADE AFTER 8 AXCLK'S 
TEST MADE 
AFTER 8 CLKS 
ASSEMBLE CHARACTERS 24 RXCLK'S 
STRIP ZERO PIPELIN 
ACCUMULATE CRC ner ee 
ASSEMBLE CHARACTERS 
16 RXCLKS 
ACCUMULATE CRG BELAY RXACT 4 








AXACT Lg 
RDA 


RDSR — RDS 


BITS 
: <a 


TATUS 
BITS 
(eo) 


rT 
YES 






YES s 
7 












YES 





SET RSA 





SET RSA 


PROCESSOR MUST READ 
ERR CHK BIT BEFORE 
RXENA=0 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

Ee EEA EAS information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

Ps Maras vd, nym assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

En nNnaDERRnEENniE 1516) 273-3100 Twx-510-227-8698 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


COM 8004 


[LPC FAMILY 


Dual 32 Bit CRC SDLC Generator/Checker 


CRC-32 


FEATURES 


CL] SDLC 32 bit CRC 

L] COM 5025 USYNRT Companion 

C] Data Rate—2MHz typical 

C] All Inputs and Outputs are TTL Compatible 
CL) Single +5 Volt Supply 

CL] COPLAMOS® N-Channel MOS Technology 


GENERAL DESCRIPTION 


SMC’s COM 8004 is a dual 32-bit CRC Generator/ 
Checker for use with SDLC protocols. It is a 
companion device to SMC’s COM 5025 USYNRT. 
It operates at bit rates from DC to 2.0 MHz froma 
single +5v supply and is housed in a 20 lead x 0.3 
inch DIP. All inputs and outputs are TTL compatible 
with full noise immunity. 


The COM 8004 is comprised of two independent 
halves, and each half may be operated inthe check 
or generate mode. The polynominal used in 
computations is: 

X32 + X26 + X23 + K22 + K16 + X12 4 Kl + K104 KB + K7 + KS + 
X4+ X2+X+1., 

The CRC register is initialized to all ones and the 
result is inverted before being appended to the 
message. The expected remainderis: . 

X31 + X30 4+ K26 + K25 + K24 4 KiB + KIS + K14 4 K124 K11 + K104 
X8 + X6+ X54 X4+ X3+X +1, 


Each half has a nine-bit serial data shift register. 
Data moves on the positive edge of the clock, andall 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A “clock out” pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 


Inthe generate mode, computation is initiated upon 
detection of a flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 
until a second flag is detected. CLK OUT to the 
SDLC transmitter is then halted, and the 32-bit CRC 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 


In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search foran 
opening flag resumed. 
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PIN CONFIGURATION 


20 Vcc 

19 EFLGRB 
18 EFLGB 

17 MODEB 
16 ENAB 

15 SEROUTB 
14 SERINB 
13 CLKOUTB 


= 
= 
rang 
o 
tu 
7) 


MRA 1 
CLKINA 
CLKOUTA 
SERINA 
SEROUTA 
ENAA 
MODEA 
EFLGA 
EFLGRA 12 CLKINB 
GND 10 11 MRB 
PACKAGE: 20 pin D.I.P. 





2 
3 
4 
5 
6 
7 
8 
9 


BLOCK DIAGRAM 
FOR ONE-HALF OF THE COM 8004 


32 BIT CRC 


NON-SIG 
ZERO DET 


CLK OUT 
EFLG 


SER OUT 


CLK IN 
























DESCRIPTION OF PIN FUNCTIONS 
PIN NO. NAME SYMBOL FUNCTION 
1 
output flip-flop) to a logic “1” (Mark). The COM 8004 will only exit 
the reset state when MRA has been released and all 8 bits of a 
3 CLOCK OUTPUT-A CKLOUTA Clock output from Section A. This is used to provide the clock for 
the USYNRT. CLKOUTA will normally track CLKINA. Inthe generate 
check character has been sent out. After the last bit of the CRC 
character is transmitted, CLKOUTA will resume tracking CLKINA. 
4 SERIAL INPUT-A SERINA Serial input to the COM 8004 Section A. For transmission, SERINA 
is connected to the transmitter serial output of the USYNRT. 


For receiving, SERINA is connected to the received data output 
of the modem. 


Serial output from Section A of the COM 8004. For transmission, 
SEROUTA is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial! data input of 
the USYNRT. 


MASTER RESET-A MRA MRA presets the CRC calculation in Section A of the COM 8004 
FLAG (01111110) have been received. 
mode, when the last flag bit has been shifted into the shift register 
SERIAL OUTPUT-A SEROUTA 


to all ones and forces the “pipeline” (8 shift register bits and the 
CLOCKINPUT-A CLKINA Baud Rate Clock for Section A. 

of the COM 8004, CLKOUTA will be held high until the CRC 
_ 





When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SEROUTA after a nine bit delay without alteration 

and without checking or generating CRC. If ENAA is high, CRC 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 


MODEA determines whether Section A of the COM 8004 is in 


the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic “1” selects CRC check. Logic “0” selects CRC generate. 


MODE SELECT-A MODEA 


ERROR FLAG-A EFLGA 


ERROR FLAG RESET-A EFLGRA 






EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error. EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET (EFLGRA). 







A logic “1” on EFLGRA will reset EFLGA. If EFLGRA is kept at a 
logic “1,” it will inhibit the setting of EFLGA. 












ERROR FLAG RESET-B EFLGRB Error flag reset for Section B. See EFLGRA for description. 
POWER SUPPLY +5 volt power supply input. 
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OPERATION 


The COM 8004 has 3 modes of operation, as selected by 
the ENABLE and MODE SELECT inputs. They are: 


ENABLE MODE SELECT 


0 0 CRC Disabled. Data is 
shifted from SERIN to 
SEROUT with no compu- 
tation performed. Serial 
delay is 9 bit times. 

0 1 Same as above. 

1 0 CRC generation mode. 

1 1 CRC check mode. 


In the CRC generation and check modes, calculations 
begin upon receipt of the first data character after an 
opening FLAG. “Stuffed zeroes” are stripped for the 
purpose of the CRC calculation. CRC calculation will 
continue until either a MASTER RESET occurs, ENABLE 
is brought to logic zero, an ABORT character is received, 
or a closing FLAG is received. 


CRC Generation 

Upon detection of a closing FLAG character, CLKOUT 
is left high (stopping USYNRT activity), and the CRC 
accumulation is shifted out by CLKIN. CLKOUT then 
resumes clocking, and the FLAG (which has been stored 
in the shift register) is shifted out. The CRC check data 
is inverted before this data is transmitted. Zero-stuffing 
is performed on the inverted CRC check data. 


During the time CKLOUT is forced high and CRC check 
data is being shifted out, data on SERIN will be ignored. 


lf an ABORT character is received, CRC calculation will 
cease after the last “1” bit of the ABORT character is 
shifted into the shift register. Data will pass through the 
COM 8004 without effect until a FLAG is received. 


CRC Check (Reception) 
When the last bit of a closing flag enters the shift regis- 
ter, ERRCHK will go high on the following positive 
CLKIN transition if a CRC error is detected. 


Operation Notes 


Note 1: The minimum message size is sixteen significant bits following an opening 
flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 


If the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 


FLAG is detected. 


61111118 DDDDDDDD DDO@11111 (MISSING STUFFED @) 61111110 


{ LAST “1” IN THE BIT 16 LOCATION. | 


| OPENING 
FLAG 


| CLOSING | 
FLAG 


Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 


A) CRC Generate Mode: The last “one” bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 


B) CRC Check Mode: The last “one” bit, bit 17, will not be calculated into the CRC. 


61111118 DDDDDDDD DDD@1111 1 


| LAST “1” IN THE BIT 17 LOCATION. | 


OPENING 
FLAG 


(MISSING STUFFED 6) 61111110 


CLOSING 
FLAG 


Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 


If the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ....... cece cece ce eee eee eee nee ete e ener e eee eeees 0°C to+ 70°C 
Storage Temperature Range .... ccc cece ce cece eee eee eee eee eee ete e eee eeeeene ~55°C to +150°C 
Lead Temperature (Soldering, 10 SEC.) ...... cece ce cece cere eee ete ne ee eaee SPAS ale ees +325°C 
Positive Voltage on any Pin, with respect to Ground ........ cece ccc ccc ee eee nett eens renee +8.0V 
Negative Voltage on any Pin, with respect to ground ....... cece cc cece ce ete te eee e ne neeeeees -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


- NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested PR 
that a clamp circuit be used. Le 

° Notice: ‘ELIMINARY Lo 


nots final : 
om i" 
@ * Parametric limits are subject io chenge 













ELECTRICAL CHARACTERISTICS (Ts = 0°C to 70°C, Vcc = +5 Volts 5%, unless otherwise noted) 


PARAMETER | symBo. | min | Typ | MAX | UNIT | COMMENTS 


DC CHARACTERISTICS 
Input Voltage Levels 


Low Level 
High Level 
Output Voltage Levels 
Low Level To. = 1.6 mA 
High Level Tou =-100 pA 
Input Capacitance 
Power Supply Current 
AC CHARACTERISTICS Ta=25°C 
Clock Frequency 
Clock Pulse Width— High Figure 1 
Input Set-Up Time Figure 1 
Input Hold Time Figure 1 
Master Reset Pulse Width Figure 2 
Reset Delay Figure 2 
Error Flag Delay Figure 3 
Error Flag Reset Delay Figure 4 
_ ERRST Pulse Width Figure 4 
Clock Propagation Delay Figure 5 
SEROUT Propagation Delay Figure 5 





Figure 1 


SERIN, MODE 
ENA, ERFLGR 
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ALL OUTPUTS 


SERIAL IN 


CRC ERR 


CRC ERR 


Figure 2 


OUTPUTS DETERMINED 
BY PREVIOUS CONDITIONS UNDEFINED ——>| 


Figure 3 


CLOSING FLAG -————-—_____——- 


Figure 4 
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RESET STATE 
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CLKOUT 


SEROUT 


STANDARD MICROSYSTEMS 
CORPORATION 





788 
(516) 273-3100 - TWX-510-227-8898 


Ye keen ahead cf our competition so you can keep ahead of yours. 


Figure 5 


500 ns min 


350 ns min 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


CORPORATION ees COM 8017 
—— 


COM 8502 


Universal Asynchronous Receiver/ Transmitter 
UART 


FEATURES 
LC] Single +5V Power Supply 


C] Direct TTL Compatibility — no interfacing circuits 
required 


CJ Full or Half Duplex Operation —can receive and 
transmit simultaneously at different baud rates 


L] Fully Double Buffered — eliminates need for precise 
external timing 


OC Start Bit Verification — decreases error rate 


C) Fully Programmable — data word length; parity mode; 
number of stop bits: one, one and one-half, or two 


[) High Speed Operation — 40K baud, 200ns strobes 

C] Master Reset — Resets all status outputs 

LC Tri-State Outputs — bus structure oriented 

C] Low Power— minimum power requirements 

L] Input Protected— eliminates handling problems 

L) Ceramic or Plastic Dip Package— easy board insertion 
L] Compatible with COM 2017, COM 2502 


C1 Compatible with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 


GENERAL DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC’s patented COPLAMOS6® tech- 
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7 or 8 
data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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PACKAGE: 40-Pin D.L.P. 





Functional Block Diagram 
__ TD2 TD3 TD4 TDS TD6 TD7 TD8 


eee 


a ee BUFFER } TRANSMITTER BUFFER REGISTER | 
TRANSMITTER 
SHIFT 
REGISTER 


—— AND CONTROL ee 


STATUS 
WORD 
BUFFER 


NDB REGISTER 


al 


ips eee 1a AND } TIMING AND CONTROL RECEIVER | RECEIVER 


Bee 
REGISTER 


RECEIVER BUFFER | RECEIVER BUFFER REGISTER | 


y |e fo fo Js 
ie: RD7 RD6 RDS RD4 RD3 RD2 RDI 


DESCRIPTION OF OPERATION— TRANSMITTER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 


When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 


If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 


commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 


If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowandremainsin this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with nolossin speed of transmission. This 
is an advantage of double buffering. 


Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 


TRANSMITTER BLOCK DIAGRAM 


ODD/EVEN 

PARITY SELECT 
NUMBER OF 
DATA BITS 


‘NUMBER 
STOP BITS 


CONTROL BITS HOLDING REGISTER 


NO 
PARITY 


CONTROL 
STROBE 


TO 
RECEIVER 


TIMING GENERATOR [|] cone. TRANSMITTER SHIFT REGISTER 
PARITY BIT GENERATION LOGIC =a 


OB8 DB7 OB6 DBS DB4 DB3 OB2 DBI 
DATA BITS HOLDING REGISTER 
BUFFER. 


STEERING LOGIC if 


DATA STROBE 


TRANSMITTER 
BUFFER 
EMPTY 


SERIAL 
OUTPUT 
OUTPUT 


LOGIC 


END OF 
CHARACTER 





DESCRIPTION OF OPERATION— RECEIVER 


At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rateis applied 
and master reset is pulsed. The dataavailable (RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 


Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bittime, agenuine 
Start bit is verified. Should the line return to a mark- 
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ing condition prior to a 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 


If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 


status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to animproperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 


not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 


At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 


RECEIVER BLOCK DIAGRAM 


RO& RD7 RDG RDS RD4 ROZ RD2 ROI 


CONTROL 
BITS FROM 
HOLDING 
REGISTER 


SERIAL START BIT 


TIMING GENERATOR 


FRAMING 
ERROR 


OVER RUN PARITY ERROR 


TRANSMITTER 


DATA 
AVAILABLE BUFFER EMPTY 


STATUS 
WORD AND GATE 
ENABLE 


STATUS WORD 
HOLDING REGISTER 


RESET DATA 
AVAILABLE 


PARITY BIT rd RIGHT RECEIVER SHIFT 
INPUT VERIFICATION pees Me) JUSTIFY LOGIC i cp REGISTER 


DESCRIPTION OF PIN FUNCTIONS 






























































Error 


PINNO. SYMBOL NAME FUNCTION 
1 Vcc Power Supply +5 volt Supply 
2 NC No Connection No Connection 
3 GND Ground Ground 
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the 
Enable receiver buffer register. 
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 
Outputs Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 
Error the received character parity bit does not agree with the 
selected parity. 
14 - RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 


the received character has no valid stop bit. 





143 


SECTION III 





PIN NO. 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26-33 


34 


35 


SYMBOL 


ROR 


RDA 


TBMT 


TSO 


TD1-TD8 


CS 


NPB 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Receiver Over 
Run 


Status Word 
Enable 


Receiver Clock 


Receiver Data 
Available Reset 


Receiver Data 
Available 


Receiver Serial 
Input 


Master Reset 


Transmitter 
Buffer Empty 


Transmitter 


Data Strobe 


Transmitter End 
of Character 


Transmitter 
Serial Output 
Transmitter 
Data Inputs 


Control Strobe 


No Parity Bit 





FUNCTION 


This tri-state output (enabled by SWE) is at a high-level if 

the previously received character is not read (RDA output 
not reset) before the present character is transferred into 

the receiver buffer register. 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 


A low-level input resets the RDA output to a low-level. 


This tri-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 


This tri-state output (enabled by SWE).is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


This output appears as ahigh-level each timea full character 
is transmitted. It remains at this level until the start of 
transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 





A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 





A high-level input eliminates the parity bit from being 
transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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PINNO. SYMBOL 


36 NSB 
37-38 NDB2, 
NDB1 
39 POE 
40 TCP 


DESCRIPTION OF PIN FUNCTION 


NAME FUNCTION 
Number of This input selects the number of stop bits. A low-level input 
Stop Bits selects 1 Stop bit; a high-level input selects 2 stop bits. 


Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM 8017/H. 


Number of Data These 2 inputs are internally decoded to select either 5,6, 7, 
Bits/Character or 8 data bits/character as per the following truth table: 
NDB2 NDB! data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 
Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 


transmitter, as per the following truth table: 
NPB POE MODE 


L L odd parity 
L H even parity 
H X no parity 


X = don't care 


Transmitter This input is a clock whose frequency is 16 times (16X) the 
Clock desired transmitter baud rate. 


TRANSMITTER TIMING-—-8 BIT, PARITY, 2 STOP BITS 
TBMT eee | emaca | een ee ene eee (ee 
sso Yoram SAT JORAPPARTH/STOPV STOP] sr 
—>| Bit e— 


TEOC | tims | 


TRANSMITTER START-UP 


Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bit willbe placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 


RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS 


RSI | START [DATA Ty eee "DATA a PARITY] STOP 1 STOP2 | START 
CENTER BIT | | | | | | | 
SAMPLE 

ADAS.  cjeseeee SCPE as a | t<— 1/16 Bit time 





RDA** 


“The RDA line was previously not reset (ROR = high-level). 
**The RDA line was previously reset (ROR = low-level). 


START BIT DETECT/VERIFY 


RCP | | | | | | 

M Begin verify 4 Begin verify 
RSI | | 

s 


If the RSI tine remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return toa 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* | 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 SEC.)..... cece cece cece eee eee e eee n eee eeeeennees +325°C 
Positive Voltage on any Pin, with respect to ground 
Negative Voltage on any Pin. with respect to ground 


eee eee ee ose nearest ese ees e eee eese tere e reese eneeseerrneeese 


ever eee reese eee eeer sees ese teres esesrseeseerereeeseneerseon 


eee ee eee eer eee sete ere ese see reer eresrsetonoene 


Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc =+5V +5%, unless otherwise noted) 


Parameter 


D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low-level, Vit 
High-level, Vin 

OUTPUT VOLTAGE LEVELS 
Low-level, Vor 
High-level, Vou 

INPUT CURRENT 
Low-level, lit 

OUTPUT CURRENT 
Leakage, ILo 
Short circuit, los** 

INPUT CAPACITANCE 
All inputs, Cin 

OUTPUT CAPACITANCE 
All outputs, Cout 

POWER SUPPLY CURRENT 
Icc 


A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
COM8502, COM 8017 
* PULSE WIDTH 
Clock 
Master reset 
Control strobe 
Transmitter data strobe 
Receiver data available reset 
INPUT SET-UP TIME 
Data bits 
Control bits 
INPUT HOLD TIME 
Data bits 
Control bits 
STROBE TO OUTPUT DELAY 
Receive data enable 
Status word enable 
OUTPUT DISABLE DELAY 


**Not.more than one output should be shorted at a time. 





Comments 


lo. = 1.6mA 
lon = —100uA 


Vin = Gno 


SWE = RDE = Vin, 0 <= Vout = +5V 
Vout = 0V 


SWE = RDE = Vin 


All outputs = Vou, All inputs = Vcc 
Ta = +25°C 


RCP, TCP 


TD1-TD8 
NPB, NSB, NDB2, NDB1, POE 


TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 
Load = 20pf +1 TTL input 
RDE: Trou, Teoo 

SWE: Tro1, Troo 

RDE, SWE 





NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within 


one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 


a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has 3 states: 1) tow impedance to Vcc 2) low ial to GND 3) high impedance OFF = 


10M ohms The “OFF” state is controlled by the SWE and 


0°Cto+ 70°C 
—55°C to +150°C 


+8.0V 


DATA/CONTROL TIMING DIAGRAM 


VIH 
Vit 


TSET-UP 


ViH 
DATA INPUTS Vit 


tr=tf=20ns 
TseT-up =0 
THOLD =0 


VIH 
Vit 


cs 


TSET-UP 


VIH 


CONTROL INPUTS 
Vit 


*Input information (Data/Control) need only be valid during 
the last Tew, min time of the input strobes (TDS, CS). 


OUTPUT TIMING DIAGRAM 


- (RD1-RD8, RDA, 
RPE, ROR, RFE, TBMT) 


TPo1, TPDO 


NOTE: Waveform drawings not to scale for clarity. 
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Outputs Disabled 














FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER 


1. TURN POWER ON 
2. PULSE EXTERNAL RESET 


TURN POWER ON 
PULSE EXTERNAL RESET 


3. SELECT BAUD RATE —16 x CLK SELECT BAUD RATE — 16 x CLK 


TBMT =1 
EOC =1 
SO = 1(STOP BIT) 


SET CONTROL BITS 


SET CONTROL BITS—PULSE CS 


SET DATA BITS 


HAS 
TOS BEEN 


PULSED 
? 


IS 
TRANSMITTER 
SHIFT REGISTER 
EMPTY ? 
{EOC - 1) 


1, LOAD TRANSMITTER SHIFT REGISTER 


2, SO = O(START BIT) 
3. EOC =0 


HAS 
1 BIT TIME 
ELAPSED ? 
(16 - 16 x CLK) 


SHIFT 1 BIT RIGHT IN THE 


HAS 
THE LINE 
TRANSITIONED 
FROM MARKING TO, 
SPACING 
? 


HAS 
A START 
BIT BEEN VERIFIED 
2 


8-16 x CLK 
YES 
LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 


HAS 
1 BIT TIME 
ELAPSED ? 
16-16 x CLK 


YES 


SHIFT AND LOAD DATA BIT INTO 
RECEIVER SHIFT REGISTER 








HAS THE 
SELECTED NUMBER 
OF DATA BITS BEEN 

RECEIVED 
? 


i. 
1 BIT TIME 


ELAPSED 
i 3 


TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, DATA 


HAS 
SET PARITY THE PROPER YES] SET PARITY 
BITS, SELECTED PARITY MODE. ERROR REGISTER PARITY BIT BEEN ERROR REGISTER 
AND STOP BIT{S) TOI RECEIVED TOO 
2 


HAS 
THE LAST 
STOP BIT BEEN ON THE 
LINE FOR 1 BIT 
TIME ? 


EOC =1 SO=1 





STANDARD MICROSYSTEMS 
CORPORATION 


We keep ahead of our competition so you can keep ahead of yours. 






35 Marcus BWvd.. Hauppauge. N.Y. 11788 
(516) 273-3100 TWX- 510-227-8898 


aes 
1 BIT TIME 


ELAPSED 
es 


SET FRAMING A ste Bit YES | SET FRAMING 
ERROR REGISTER BEEN RECEIVED ERROR REGISTER 
TO. > TOO 


SET OVER-RUN NO IS YES SET OVER-RUN 
REGISTER ROA =0 REGISTER 
TO1 ? TOO 





ARE 
THERE NEW 
CONTROL BITS 
9 


TRANSFER DATA BITS FROM SHIFT REGISTER 
TO DATA BITS HOLDING REGISTER 


EXAMINE OUTPUTS 
1. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE — DA = 0 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
———_—— 


COM 8251A 


[LPC FAMILY 


Universal Synchronous /Asynchronous 
Receiver/ Transmitter 


FEATURES 


LJ Asynchronous or Synchronous Operation 
— Asynchronous: 
5-8 Bit Characters 
Clock Rate —1, 16 or 64 X Baud Rate 
Break Character Generation 
1, 1% or 2 Stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 
— Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
_Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 
L] Baud Rate— Synchronous — DC to 64K Baud 
—Asynchronous—DC to 19.2K Baud 
C) Baud Rates available from SMC’s COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 
C] Full Duplex, Double Buffered Transmitter and 
Receiver 
C] Odd parity, even parity or no parity bit 
L] Parity, Overrun and Framing Error Flags 
LJ] Modem Interface Controlled by Processor 
C1 All Inputs and Outputs are TTL Compatible 


GENERAL DESCRIPTION 


The COM 8251A is an MOS/LSI device fabricated 
using SMC’s patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251A is an enhanced version of the 8251. 


The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TXE and SYNDET, is available to the processor at 
any time. 


149 


USART 








PIN CONFIGURATION 


=z 
= 
a 
oO 
tu 
” 


D1 

DO 

Vec 

RxC 

DTR 

RTS 

DSR 
RESET 
CLK 

TxD 
TxEMPTY 
CTS 
SYNDET/BD 
TxRDY 





1 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 28-pin D.I.P. 


L] Compatable with Intel 8251A, NEC wPD8251A 
C2) Single +5 Volt Supply 

L) Separate Receive and Transmit TTL Clocks 
L] Enhanced version of 8251 

L) 28 Pin Plastic or Ceramic DIP Package 

(1) COPLAMOS® N-Channel MOS Technology 


BLOCK DIAGRAM 


DATA TRANSMIT 
BUS = BUFFER 
BUFFER | 7 (P-S) 


READ/WRITE 
CONTROL 
LOGIC 


TRANSMIT 
CONTROL 


MODEM 
CONTROL 


I 
N 
rT 
E 
R 
N 
A 
L 
1?) 
A 
T 
A 
B 
U 
iS} 


RECEIVE 
ane BUFFER 
(S-P) 


RxRDY 

RECEIVE —. 

CONTROL Pt RxC 
SYNDET/ 
BRKDET 


EEF WEEE FS EWZIS WE FFU D WItw sIWIta 


INPUT/ 
SYMBOL NAME OUTPUT FUNCTION 


1,2,27, |D2, 03, DO, DATA BUS 1/0 An 8-bit, 3-state bi-directional DATA BUS used to interface the 
COM 8251A to the processor data bus. Data is transmitted or 
received by the bus in response to input/output or Read/Write 
instructions from the processor. The DATA BUS also transfers 
Control words, Command words, and Status. 















28,5-8 |D1,04-D7 
| 3 | RECEIVER DATA This input receives serial data into the USART. 

















GROUND 


TRANSMITTER 
CLOCK 


The TRANSMITTER CLOCK controls the serial character trans- 
mission rate. In the Asynchronous mode, the TxC frequency is 
a multiple of the actual Baud Rate. Two bits of the ModeInstruc- 
tion select the multiple to be 1X, 16X, or64X the Baud Rate. Inthe 
Synchronous mode, the TxC frequency is automatically se- 
lected to equal the actual Baud Rate. 


Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of the USART by the falling edge of TxC. 





A “zero” on this input instructs the COM 8251A to accept the 
data or control word which the processor is writing out to the 
USART via the DATA BUS. 


A“zero” on this input enables the USART for reading and writing 
to the processor. When CS is high, the DATA BUS isin the float 
state and RD and WR will have no effect on the chip. 


CHIP SELECT 
The Control/Data input, in conjunction with the WR and RD 
inputs, informs the USART to accept or provide either a data 


character, control word or status information via the DATA BUS. 
0 = Data; 1 = Contro!/Status 


A“zero” on this input instructs the COM 8251A to place the data 


CONTROL/DATA 
READ DATA 

or status information onto the DATA BUS for the processor 

to read. 


RxRDY RECEIVER READY The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an “assembled” character for input to the 
processor. For polled operation, the processor can check 

: RxRDY using a Status Read or RxRDY can be connected to the 
processor interrupt structure. Note that reading the character 


ae 






to the processor automatically resets RxRDY. 

TxRDY | TRANSMITTER READY TRANSMITTER READY signals the processor that the trans- 
mitter is ready to accept a data character. TxRDY can be used 

as an interrupt or may be tested through the Status information 

polled operaton. TxRDY is automatically reset by the leading 

edge of 

SYNDET/ SYNC DETECT/ 
BRKDET BREAK DETECT 


when a data character is loaded from the processor. 



















3 
10 
1 

. 12 

13 
, 16 The SYNDET feature is only used in the Synchronous mode. 
The USART may be programmed through the Mode Instruction 
to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will go to a “one” 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to “one” in the middle 
of the last bit of the second contiguously detected SYNC char- 
acter. SYNDET is automatically reset to “zero” upon a Status 
Read or RESET. tn the external SYNC mode, a “zero” to “one” 
transition on the SYNDET input is sampled during the negative 
half cycle of Rx and will cause the COM 8251A to start as- 
sembling data character on the next rising edge of RxC. The 
length of the SYNDET input should be at least one RxC period, 
but may be removed once the COM 8251A is in SYNC. When 


external SYNC DETECT is programmed, the internal SYNC 
DETECT is disabled. 
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INPUT/ 
PIN leieaieiy SYMBOL NAME OUTPUT FUNCTION 


The SYNDET/BRKDET pin is used in both Synchronous and 
Asynchronous modes. When in SYNC mode the features for 
4 CLEAR TO SEND 
























(cont.) 


mode, the BREAK DETECT output will go high when anall zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, parity bitandonestop bit.Reset only occurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 


A “zero” on the CLEAR TO SEND input enables the USART to 
transmit serial data if the TxXEN bitin the Command Instruction 
register is enabled (one). 


If either a TxEN off or CTS off condition occurs while the Tx is 
in operation, the Tx will transmit allthedatainthe USART written 


the SYNDET pin described above apply. Whenin Asynchronous 
prior to the Tx Disable command before shutting down. 
TRANSMITTER EMPTY 


joe) 


The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto- 
matically reset upon receiving adatacharacter from the proces- 
sor. In half-duplex, TxE can be used to signal end of a trans- 
mission and request the processor to “turn the line around”. 
The TXEN bit in the command instruction does not effect TxE. 


In the Synchronous mode, a“one” on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as “fillers” because the next data character has not 
been loaded; an underflow condition. If the USART is operat- 
ing in the two SYNC character mode, both SYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 


—_ pers = 
: N [o>) 





This output is the transmitted serial datafrom the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 


















Li et TRANSMITTER DATA 


ail - 7 Zz 





The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5 
times for the 16X and 64X modes. 


A “one” on this input forces the USART into the “idle” mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxRDY = TxRDY = TxEmpty=SYNDET/ 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tcy, CLK must be running during RESET. 





RESET RESET 


ae 
oo 
24 DTR DATA TERMINAL 
READY 


Vcc SUPPLY VOLTAGE 


The DATA SET READY input can be tested by the processor 
via Status information. The DSR input is normally used to test 
Modem Data Set Ready condition. 


The REQUEST TO SEND output is controlled via the Command 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 





The DATA TERMINAL_READY output is controlled via the 
Command word. The DTR output is normally used to drive 
Modem Data Terminal Ready or Rate Select lines. 






The RECEIVER CLOCK is the rate at which the incoming char- 
acter is received. In the Asynchronous mode, theRxC frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 
16X or 64X or Synchronous operation at 1X the Baud Rate. 


Data is sampled into the USART on the rising edge of RxC. 


+5 volt supply 
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DESCRIPTION OF OPERATION— ASYNCHRONOUS 


Transmission— 


When a data character is written into the USART, it auto- 
matically adds a START bit (low level or “space”) and the 
number of STOP bits (high level or “mark”) specified by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as specified by the Mode Instruction. Then, depending 
on CTS and TxEN, the character may be transmitted as a 
serial data stream at the TxD output. Datais shifted out by 
the falling edge of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 


If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains “high” (marking) in preparation for send- 
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con- 
tinuously low) by setting the correct bit in the Command 
Instruction. 


Receive— 


The RxD input line is normally held “high” (marking) by 
the transmitting device. A falling edge (high to low transi- 
tion) at RxD signals the possible beginning of aSTART bit 
and a new character. The receiver is thus prevented from 
starting in a “BREAK” state. The START bit is verified by 
testing for a “low” at its nominal center as specified by the 
BAUD RATE. Ifa “low” is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Input bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de- 
tected for the STOP bit, which normally signals the end 
of aninput character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can bereset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 


DESCRIPTION OF OPERATION—SYNCHRONOUS 


Transmission— 


As in Asynchronous transmission, the TxD output re- 
mains “high” (marking) until the USART receives the first 
character (usually aSYNC character) from the processor. 
After a Command Instruction has set TxEN and after 
Clear to Send (CTS) goes low, the first characteris serially 
transmitted. Data is shifted out on the falling edge of TxC 
at the same rate as TxC. 


Once transmission has started, Synchronous Data Pro- 
tocols require that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the USART Transmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat- 
ically inserted in the TxD data stream. The SYNC char- 
acter(s) are inserted to fill the line and maintainsynchron- 
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s), the TXEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TxEMPTY is automatically reset by the next character 
from the processor. 


Receive — 


In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 


has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 


Incoming data on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found. IftwoSYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char- 
acter(s) programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza- 
tion. At this time, the SYNDET (output) issethigh. SYNDET 
is automatically reset by a STATUS READ. 


If external SYNC has been specified in the Mode Instruc- — 
tion, a “one” applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USART. 


Parity and Overrun Errors are treated the same in the 
Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re- 
ceiver is not enabled. Framing errors do not apply in the 
Synchronous format. 


The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all “ones”. 
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OPERATION AND PROGRAMMING 


The microprocessor program controlling the COM 8251A 
performs these tasks: 


e Outputs control codes 

e Inputs status 

e Outputs data to be transmitted 

e Inputs data which has been received 


Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 


The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 





INITIALIZING THE COM 8251A 


Figure 1. Control Word Sequences for Initialization 


MODE CONTROL 
COMMAND 


INITIALING 
SEQUENCE 


COMMAND 


ASYNCHRONOUS OPERATION 


The COM 8251A may be initialized following a system 
RESET or prior to starting a new Seral I/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 


The COM 8251A is initialized with two, three or four con- 
trol words from the processor. Figure 1 showsthesequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 


Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs control informa- 
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter- 
nal), the first control code outputis interpreted as a mode 
control. If the mode control specifies synchronous opera- 
tion, then the next one or two bytes (as determined by the 


MODE CONTROL 


SYNC #1 
INITIALING 
SEQUENCE 


SYNC #2 
(OPTIONAL) 
COMMAND 


DATA 


COMMAND 


DATA 


SYNCHRONOUS OPERATION 





mode byte) output as contro! codes will be interpreted as 


SYNC characters. For either asynchronous or synchro- _. 


nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
amodecontrol input; following aRESET input orfollowing 
an internal reset commana. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next “control write”, which should immediately 
follow the reset, as a Mode Instruction. 
After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans- 
mission. Concurrently, the USART is ready to receive 
serial data. 

C/D RD WR CS 
USART — Data Bus 
Data Bus - USART 
Status -- Data Bus 
Data Bus — Control 


Data Bus — 3-State 


Ki<(4 (4/0 1O 
= |></2lo|alo 
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MODE CONTROL CODES 


The COM 8251A interprets mode control codes as illus- 
trated in Figures 2 and3. 


Control code bits O0and 1 determinewhethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits O and 1 specifies asynchronous operation and de- 
fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits 0 and 1 defines the 
mode of operation as synchronous. 


For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each data character. In the case ofa programmed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are “don’t care” when writing data 
to the USART and will be “zeros” when reading data. Rx 
data will be right justified onto DO and the LSB for Tx data 
is DO. 


For synchronous and asynchronous modes, bits 4 and 5 


determine whether there will be a parity bit in each char- 
acter, and if so, whether odd oreven parity will beadopted. 
Thus in synchronous mode acharacter will consist of five, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, apreceeding 
start bit, plus 1, 112 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 


Control code bits 6 and 7 in asynchronous modedetermine 
how many stop bits will trail each data unit. 1%% stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 


In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization is specified; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 





COMMAND WORDS 


Command words are used to initiate specific functions 
within the COM 8251A such as, “reset all error flags” or 
“start searching for sync”. Consequently, Command 
Words may be issued by the processor to the COM 8251A 
at any time during the execution of a program in which 


specific functions are to be initialized within the com- 
munication circuit. 


Figure 4 shows the format for the Command Word. 


Figure 4. COM 8251A Contro] Command 


0o—«—- Bit No. 





154 


TxEN 
1 = Enable transmission 
0 = Disable transmission 


TR output is forced to 0 
1 = Enable RxRDY 
0 = Disable RxRDY 
SBRK 
1=TxD is forced low 
0 = Normal operation 
ER . 


1 = Resets all error flags in 
Status register (PE, OE, FE) 


TS output is forced to0 
1 = Reset format 


EH 
1 = Enter HUNT mode 


Figure 2. Synchronous Mode Control Code. 


0 ~<t— Bit No. 


—_ Sync mode 


00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11. 8 bits per character 





0= Parity disable, 1 = Parity enable 
0=Odd parity, 1 = Even parity 


0=SYNDET output 
1=SYNDET input 


0=2SYNC characters 
1=1SYNC character 


Figure 3. Asynchronous Mode Control Code. 


Invalid (SYNC mode) 

Async mode, 1X Baud rate factor 
Async mode, 16X Baud rate factor 
Async mode, 64X Baud rate factor 


5 bits per character 
6 bits per character 
7 bits per character 
8 bits per character 


0= Parity disable, 1 = Parity enable 
0=Odd parity, 1 = Even parity 

00 = Invalid 

01 1stop bit 


10 1%stop bits 
11. 2stop bits 
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Bit O of the Command Word is the Transmit Enable bit 
(TxXEN). Data transmission for the COM 8251A cannot 
take place unless TxEN is set (assuming CTS =0) in the 
command register. The TX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TXEN, TxE and TxRDY combines 
to control transmitter operations. 


Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active 
(low). DTR is used to advise a modem thatthe dataterminal 
is prepared to accept or transmit data. 


Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 


Figure 5. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 


TXEN TxE TxRDY 
1 1 1 


Transmit Output Register and Transmit Character Buffer empty. 
TxD continues to mark if COM 8251A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 


Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 


Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 


Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 


Transmitter is disabled. 


Bit3 is the Send Break Command bit (SBRK).WhenSBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary “0” level, (spacing) isappliedtothe TxD 
output signal. The break will continue until a subsequent 
Command Word is sent tothe COM8251A to removeSBRK. 


Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251A. 
No latch is provided in the Command Register to save the 
ER command bit. 


Bit 5, the Request To Send Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 82514. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the communication line through 
TxD regardless of the status of RTS. 


Bit 6, the Internal Reset (IR), causes the COM 8251A to 





return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 


Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode commandiis only effective for the COM 8251A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all “ones”, and start searching for 
the prescribed sync pattern. Once the “Enter Hunt” mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when asubsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, or when SYNC characters are recognized. 
Parity is not checked in the EH mode. 


STATUS REGISTER 


The Status Register maintains information about the 
current operational status of the COM 8251A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. 


TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251A can accept a new 
character for transmission. The TxRDY status bit is not 


totally equivalent to the TxRDY output pin, the relationship 
is as follows: 


TxRDY (status bit) = Tx Character Buffer Empty 


TxRDY (pin 15) = Tx Character Buffer Empty « CTS « TxEN 


RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 
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Figure 6. The COM 8251A Status Register 


7 6 5 4 3 2 


TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary “1” bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 


OE is the receiver Overrun Error. OE isset wheneverabyte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 


FE (Async only) is the character framing error which in- 
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format (“0” stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 


0 ~<—— Bit No. 


TxRDY 


RxRDY 


TxE 


PE 
Parity error 


OE 
Overrun error 


FE 
Framing error 


SYNDET/BRKDET 


DSR 





SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 


DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 


All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
commandor the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
operation. 


Many of the bits in thestatus register are copies of external 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tcy periods. 





Note: 

1. While operating the receiver it is important to realize 
that the RxE bit of the Command Instruction only in- 
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con- 
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RXRDY before executing the 
dummy read. 


2. ER should be performed whenever RxE of EH are pro- 
grammed. ER resets all error flags, even if RxE = 0. 


3. The USART may provide faulty RxRDY for the first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). Adummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opration has been established. 


4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........... cece ccc cece eee c eee ene eee seen eens ete eeeeeeees 0°C to +70°C 
Storage Temperature Range: sis cce es cae arene cae Pb oo e eRe oe aa eee ee ee te ONES Swe oe —55°C to +150°C 
Lead Temperature (soldering, 10:SOC) 5.6 sis sede Corel n Hien Gane be oP NAO NWS Dea ae Sawa ee RES +325°C 
Positive Voltage on any Pin, with respect to ground ..............-0+. Pow din dg eewe eels te dada ee +8.0V 
Negative Voltage on any Pin, with respect to Ground ........ eee e cece cece tere renee ence ence eeneeees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 

voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this 

possibility exists it is suggested that as clamp circuit be used. 


' ELECTRICAL CHARACTERISTICS (Ts =0°C to 70°C, Vcc = +5V £5%, unless otherwise noted) 


SYMBOL PARAMETER | MIN. | MAX. | UNIT TEST CONDITIONS 


D.C. Characteristics 





Vit Input Low Voltage —0.3 0.8 V 
Vin Input High Voltage 2.0 Vec V 
Vor Output Low Voltage 0.45 Vi jlo =2.2mA 
Von Output High Voltage 2.4 Vj} lon = —400 pA 
* lore Output Float Leakage +10 BA | Vout = Vcc TO 0.45V 
Ine Input Leakage +10 HA | Vin= Vcc TO 0.45V 
loc Power Supply Current 100 mA | All Outputs = High 
Capacitance Ta = 25°C, Vec = GND 
Cin Input Capacitance 10 pF | fc=1MHz 
Cro I/O Capacitance | | 20 | pF | Unmeasured pins returned to GND 
A.C. Characteristics 
Bus Parameters (Note 1) 
Read Cycle: 
tar Address Stable Before READ (CS, C/D) 0 ns_ |Note2 
tra Address Hold Time for READ (CS, C/D) 0 ns_ |Note2 
tr READ Pulse Width 250 ns 
tro Data Delay from READ 200 ns_ | Note 3, C.= 150 pF 
tor READ to Data Floating 10 100 ns 
Write Cycle: 
taw Address Stable Before WRITE 0 ns 
twa Address Hold Time for WRITE 0 ns 
thw WRITE Pulse Width 250 ns 
tow. Data Set Up Time for WRITE 150 ns 
two Data Hold Time for WRITE 0 ns 
trv Recovery Time Between WRITES 6 tcy |Note4 
Other Timings: ; 
tcy ‘| Clock Period Notes 5, 6 







Clock High Pulse Width 
Clock Low Pulse Width 
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trew 


trep 


trew 


trep 


ttxraby 


Clock Rise and Fall Time 

TxD Delay from Falling Edge of TxC 

Rx Data Set-Up Time to Sampling Pulse 
Rx Data Hold Time to Sampling Pulse 


Transmitter Input Clock Frequency 
1X Baud Rate 
16X Baud Rate 
64X Baud Rate 


Transmitter Input Clock Width 
1X Baud Rate 
16X and 64X Baud Rate 


Transmitter Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 


Receiver Input Clock Frequency 
1X Baud Rate 
16X Baud Rate 
64X Baud Rate 


Receiver Input Clock Pulse Width 
1X Baud Rate 
16X and 64X Baud Rate 


Receiver Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 


TxRDY Pin Delay from Center of last Bit 


trxrvy clear | TXRDY | from Leading Edge of WR 


trxRDY 


RxRDY Pin Delay from Center of last Bit 


trxapy clean |RXRDY | from Leading Edge of RD 


tis 
tes 


’ ttxEMPTY 


twe 


tcr 


_ NOTES: 


Internal SYNDET Delay from Rising 
Edge of RxC 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 


TxEMPTY Delay from Center of Data Bit 


Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 


Control to READ Set-Up Time (DSR, CTS) 
1. AC timings measured Von = 2.0, Vor= 0.8, and with load circuit of Figure 1. 


2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 
3. Assumes that Address is valid before Rol. 








TEST CONDITIONS 


= 
i=] 
= 
[>] 
uu 
(72) 





Note 7 
Note 7 
Note 7 
Note 7 


Note 7 


Note 7 
Note 7 


Note 7 


4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 


Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcv. 


5. The TxC and RxC frequencies have the following limitations with respect to CLK. 


For 1X Baud Rate, frx or fax = 1/(30 tcy) 
For 16X and 64X Baud Rate, frx or frx S 1/(4.5 tcy) 


6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during RESET. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


2vV 


4200 
Delay Versus 


SZ 1N914 A Capacitance (pF) 






ia 6KQ 
Figure 1. 
TEST LOAD CIRCUIT 
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Typical A Output. 


+20 


+10 


—10 





—-20 
—100 AL +50 +100 


A CAPACITANCE (pF) 


WAVEFORMS 


System Clock Input 


CLOCK © if {FS “| ' aa 


Transmitter Clock & Data 


Txt (1x MODE) 


Txt (16xMODE) 


—| b—torx torx— a 


Receiver Clock & Data 


(Rx BAUD COUNTER STARTS HERE) 


Rx DATA START BIT : DATA BIT OATA BIT 


j~1—-———— tapp 


RxC (1x MODE) 


8 Rxt PERIODS 


(16x MODE) ——|-<—_——- 16 RxC PERIODS (16x MODE) 


RxC (16x MODE) 


INT SAMPLING 
PULSE 
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Write Data Cycle (CPU — USART) 


TxRDY / \! 
[eee CLEAR 
a tww 
WR } ly 


haar tow ie two 
DON'T CARE 


DATA IN (D.B.) DATA STABLE 


DON'T CARE 


=z 
Oo 
— 
oO 
Ww 
” 





Read Data Cycle (CPU « USART) 


RxRDY / \l 


| tRxRDY CLEAR 
- tRR——-| 
RO } a 
aa |+-trD Se |--toF 


DATS OU TARE peta Heat (DATA OUT ACTIVE j——ATA FLOAT 


Write Control or Output Port Cycle (CPU — USART) 
OTR, ATS 


(NOTE =1) 


DATA IN (0.8.) 


NOTE =1: Tyo INCLUDES THE RESPONSE TIMING OF ACONTROL BYTE. 
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Read Control or Input Port (CPU « USART) 


i em 
(NOTE #1) 


= ee i 
tRR ———| 


| 
= fe tRD 


OATA OUT 
(D.B.) 


= 


NOTE #1: Tog INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 


Transmitter Control & Flag Timing (ASYNC Mode) 


cts 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Tx READY 
(PIN) 


Tx DATA 


DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 DATA CHAR 4 


START BIT 
DATA BIT. 
STOP BIT 


EXAMPLE FORMAT =7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 


Receiver Control & Flag Timing (ASYNC Mode) 


BREAK DETECT 
OVERRUN ERROR 
(STATUS BIT} 


Rx ROY 


c/5 / 
Wr AxEn t [eas Wr RxEn* 


Rx DATA 2 toe 2 


DATA CHAR 1 DATACHAR 2 DATA CHAR 3 











START BIT 
DATA BIT 

PARITY BIT 
STOP BIT 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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Transmitter Control & Flag Timing (SYNC Mode) 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


SECTION II! 


Tx READY 
(PIN) 


naz 
WrDATA Wr ie a We a We cand 2 
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK ' 
MARKING STATE pata] A tend 2 | Mae —__. 1 SYNC SS 2 — 3 EA x STATE ee 6 CHAR LIC 
TeDATA: eooseeceescesscossooveccoone conc emmy BUODOOSOOSOOS OG 


EXAMPLE FORMAT = § BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 


cb 


Receiver Control & Flag Timing (SYNC Mode) 


SYNDET 
(PIN) NOTE #1 NOTE *2 


tES —>| 
SYNDET (S,B) 


OVERRUN 
ERROR (SB) 


Rx RDY (PIN) 


ee Rd STATUS \_ || 


Rd DATA IE Eom We bth: 
CHAR 3 Nes 1 


OON'T SYNC SYNC DATA “pata” Powe | DATA DATA 
ay: 4 yee 2 CHAR 1 CHAR 2 


CARE CHAR 1 CHAR 2 yn 3 DON'T aa 


BRAVA VY 
Coo oOCOUDDDEOOODOROOCONHODDDOTOOONOHOOONO! "SUSU SCcUCUTSSETES’ORCTTE AUNT 
CHAR ASSY 
i CHAR ASSY BEGINS A BEGINS ! 


SU JUYY if. 


4 EXIT HUNT MODE f f 
€XtT HUNT MODE 
SET SYNC DET SET SYN DET (STATUS BIT) SET SYNDET {STATUS BIT)- 





Rd DATA 





NOTE -:1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE #2, EXTERNAL SYNC, 5 BITS, WITH PARITY 
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APPLICATION OF THE COM8251A 


eeynchronous pet le aa Chr verminal, Synchronous Interface to Terminal or Peripheral Device 


ADDRESS BUS ADORESS BUS 
CONTROL BUS CONTROL BUS 


OATA BUS DATA BUS 


i‘ P SYNCHRONOUS 
x TERMINAL 
COM8251A _ L d COM82S1A ° OR PERIPHERAL 


DEVICE 
BAUD RATE CRT 


GENERATOR TERMINAL 


COM8251A 


GENERATOR TELEPHONE TELEPHONE 
LINE : LINE 


COM8251A Interface to uP Standard System Bus 


ADDRESS BUS 


CONTROL BUS 


FD Bt 


COM8251A 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconduct lica- 
RoE AN OorelENS Bone Concedlientty Corplete iafonination sufficient for constriction purses ie: not nesessarily aver’ The 


information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
Bs tec Pd yi assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 TWx-5i0-227-8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
we keen ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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Baud Rate Generator 





All Baud Rate Generators are programmable put frequencies simultaneously for full duplex 
dividers capable of providing 16 output frequen- communications. 

cies* for UARTs or USARTs from either an on-chip Baud Rate Generators providing all standard baud 
crystal oscillator or an external frequency input. rates from various popular crystal frequencies are 
“T” versions utilize an external frequency input available. In addition the baud rate generator may 
only. Dual Baud Rate Generators provide two out- be custom mask programmed for other divisors. 
*except as noted 


Power 
part umber Description supplies Page 
COM 5016 Dual Baud Rate Generator On-chip oscillator or external +6, +128 18 DIP 167-168 
frequency input 


COM 6016T) | Dual Baud Rate Generator External frequency input +5, +12 18 DIP 167-168 


COM 5086 Single Baud Rate Generator On-chip oscillator or external +6, +12 14. DIP 169-170 
frequency input 


COM s026T “|. Single Baud Rate Generator External frequency input +5,+12 14 DIP 169-170 
COM 5036 Dual Baud Rate Generator COM 5016 with additional +5, +12 18 DIP L71-172 
output of input frequency + 4 
Dual Baud Rate Generator COM 5016T with additional +6, +128 18 DIP 171-172 
output of input frequency + 4 
COM .5046 Single Baud Rate Generator COM 5026 with additional +5,+12 14 DIP 173-174 
Hees output of input frequency + 4 
COM 5046T ‘5) | Single Baud Rate Generator COM 5026T with additional +5, +12 14 DIP 173-174... 
output of input frequency. + 4 


COM 8046 Single Baud Rate Generator 32 baud rates; 1X, 16X, 32X 
clock outputs; single +5 volt +5 16 DIP 179-180 
en supply 
COM 8046T ‘%)|. Single Baud Rate Generator COM 8046 with external +5 16 DIP 179-180 
Be frequency input only 
Single +5 volt version of +5 18 DIP 181-182 
COM 5016 
Single +5 volt version of +5 18 DIP 181-182 
Single +5 volt version of +5 14 DIP |}. 183-184 
COM 5026 
+5 
+5 
+5 
_ = +8 









































COM 6036T (5) 































































COM 8128 Single Baud Rate Generator 











COM 8126T “| Single Baud Rate Generator 







COM 8116 Dual Baud Rate Generator 
COM 5016T 
Single +5 volt version of 14 DIP 183-184 
COM 5026T 


COM 8116T ©) 
Single +5 volt version of +8 18 DIP, 185-186 
COM 5036 


185-186 


187-188 
187-188 











COM 8156 


COM 8136T “| -Dual Baud Rate Generator 


COM 8146 Single Baud Rate Generator 


Dual Baud Rate Generator 

















Single +5 volt version of 
COM 5036T 


.. Single +5-volt version of 
















COM 5046 : 


COM 8146T(5) | Single Baud Rate Generator _ Single +5 volt version of 
COM 5046T - 


(May be custom mask programmed 
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SECTION IV 
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STANDARD MICROSYSTEMS | COM 5016 





Dual Baud Rate Generator 


Programmable Divider 





FEATURES PIN CONFIGURATION 
C Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 
C0 Choice of 2 x 16 output frequencies 17 f; 
(1 16 asynchronous/synchronous baud rates 16 Ty 
CX] Direct UART/USRT/ASTRO/USYNRT 
compatibility 15 T, 
CJ Full duplex communication capability 14 Te 
[] TTL, MOS compatibility 13 Tp 
12 STT 
11 GND 
10 NC 
BLOCK DIAGRAM 


BeeGBE fi REPROGRAMMABLE 
D-LATCH Fees FREQUENCY SELECT 
CONTROL ROM 


= _ " 


XTAL/EXT2 DIVIDER fr 


Me FREQUENCY REPROGRAMMABLE 
: D-LATCH DECODE FREQUENCY SELECT 
Re AND hap 


Ro CONTROL 


+5V GND +12V 
STR 
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General Description 


The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MOSI/LS! device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 


The COM 5016 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 


internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(215-1). 


By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 5016T is driven by TTL logic 
level inputs only. 


Description of Pin Functions 


Function 


Crystal or 
External Input 1 


Power Supply 


fp Receiver Output 
Frequency 


Receiver-Divisor 
Select Data Bits 


Strobe-Receiver 


Ra, Ra; Re, Rp 


STR 


Vop 
NC 


Power Supply 
No Connection 
Ground 


Strobe- 
Transmitter 
13-16 |Tp, Tc, Tz, T, |} Transmitter- 
Divisor 
Select Data Bits 
f; Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


XTAL/EXT2 


For electrical characteristics, see page 175. 


This input is either one pin of the crystal package or one polarity 
of the external input. 


+5 volt supply 

This output runs at a frequency selected by the Receiver divisor 
select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 

A high level input strobe loads the receiver data (R,, Rs, Rc, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


+12 volt supply 


Ground 

A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


This output runs at a frequency selected by the Transmitter divisor 
select data bits. 


This input is either the other pin of the crystal package or an 
other polarity of the external input. 
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STANDARD MICROSYSTEMS COM 5026 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

(1 On chip crystal oscillator or external 
frequency input 

(} Choice of 16 output frequencies XTAL/EXT1 14 four 

1] 16 asynchronous/synchronous baud rates 

C Direct UART/USRT/ASTRO/USYNRT AIBHEXT? eae 
compatibility +5v 12 B 

C1 TTL, MOS compatibility NC 10 


10 D 
NC 9 ST 
8 NC 


= 
= 
= 
= 
o 
w 
(7) 





BLOCK DIAGRAM 


REPROGRAMMABLE _ 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 
XTAL DIVIDER 
CLOCK 
BUFFER 
XTAL/EXT2 


+5V «GND +12V 
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GENERAL DESCRIPTION 


The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LS! device which, from a single crystal (on-chip oscillator) or input peeE is capable of generating 16 externally 
selectable frequencies. 


The COM 5026 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies is externally selected by four address inputs, 
as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5026 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to (2'5— 1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5026's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or 
input frequency may be used to generate numerous output frequencies. 


The COM 5026 can be driven by either an external crystal! or TTL logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 


Description of Pin Functions 


Function 


XTAL/EXT1 Crystal or This input is either one pin of the crystal package or one polarity 


XTAL/EXT2 


Vcc 


Ao. Ac, As, Aa 


fout 


External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 

Power Supply 
Strobe 


Input Address 


Output 
Frequency 


For electrical characteristics, see page 175. 


of the external input. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


+5 volt Supply 


Ground 
+12 volt Supply 


A high-level strobe loads the Input Address (Aa, As, Ac, Ap) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 


This output runs at a frequency as selected by the Input Address. 
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STANDARD 
CORPORATION aces ae ee 
—~ 






Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C] Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 

C1 Choice of 2x 16 output frequencies 17 f; 

[] 16 asynchronous/synchronous baud rates. 16 T, 

C) Direct UART/USRT/ASTRO/USYNRT . 
compatibility | Ns 

C Full duplex communication capability 14 T. 

(J High frequency reference output 13 T, 


CJ TTL, MOS compatibility 42 STT 


11 GND 
10 fx/4 





BLOCK DIAGRAM 


FREQUENCY REPROGRAMMABLE 


FREQUENCY SELECT 
AND 
CONTROL ~ ROM 


XTAL/EXT1 DIVIDER 


XTAL EXT2 ‘ DIVIDER 


FREQUENCY REPROGRAMMABLE 


FREQUENCY SELECT - 
D-LATCH ot [= Seer 


CONTROL ROM 
+5v GND +12v 
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General Description | 


The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channel COP- 
LAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable IeqHENCIES: 


The COM 5036 is specifically dedicated to generating the full spectrum of 16 asynghronous/aynchrondua data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies i is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5036 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation : possible. 


The COM 5036 is basically a programmable 15-stage feedback shift register capable of cviding any medic up to 
(21-1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5036’s. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 


The COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5036T is driven by TTL logic 
level inputs only. 


The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 


Description of Pin Functions 


Function 


Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 | of the external input. 
Power Supply +5 volt supply 
fp Receiver Output | This output runs at a frequency selected by the Receiver divisor 
Frequency select data bits. 
Ra; Ra, Rc, Ro| Receiver-Divisor| The logic level on these inputs, as shown in Table 1, selects the 
Select Data Bits | receiver output frequency, f,. 

STR Strobe-Receiver| A high level input strobe loads the receiver data (Ra, Rg, Re, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

Vop Power Supply | +12 volt supply 
f,/4 fy/4 VY, crystal/clock frequency reference output. 
GND Ground -} Ground 
STT Strobe- A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
: Transmitter into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
13-16 | Tp, Tc, Tz, Ta} Transmitter- The logic level on these inputs, as shown_in Table 1, selects the 
Divider transmitter output frequency, f;. 
Select Data Bits 
f; Transmitter This output runs at a frequency selected by the ‘Eran sian divisor 
Output select data bits. 
Frequency se 
XTAL/EXT2 Crystal or This input is either the other pin of the crystal package or the 
- | External Input2 | other polarity of the external input. 








For electrical characteristics, see page 175. 
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STANDARD MICROSYSTEMS COM 5046 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C1 On chip crystal oscillator or external 
frequency input 

C] Choice of 16 output frequencies  XTAL/EXT1 14 four 

1 16 asynchronous/synchronous baud rates 


C Direct UART/USRT/ASTRO/USYNRT - XTAL/EXT2 13 A 
compatibility 12 B 
C1) High frequency reference output 11C 





(J TTL, MOS compatibility 10D 


9 ST 
8 fx/4 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL ’ DIVIDER 
ELOCK 


BUFFER 


XTAL/EXT2 


+5v GND +12v 
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_ GENERAL DESCRIPTION 


The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 


The COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1. One of the sixteen output frequencies i is externally selected by four address inputs; 
as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 


The COM 5046 is basically a programmable 15-stage feedback shift register capable of diving 4 any faoeile up to 
(215-1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5046's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or input 
frequency may be used to generate numerous output mequences: 


The COM 5046 can be driven by either an external crystal or TTL logic level inputs; COM 5046T is driven by TTL logic 
level inputs only. 


The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 


Description of Pin Functions 


Function 


XTAL/EXT1 This input is either one pin of the crystal package or one polarity 


of the external input. 


Crystal or 
External Input 4 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


XTAL/EXT2 Crystal or 


External Input 2 


Vec 
NC 
GND 
Vop 


fy, 


ST 


Ao. Ac, As, Aa 


four 


Power Supply 


No Connection 


Ground 
Power Supply 


Reference 
Frequency - 


Strobe 


Input Address 


Output 
Frequency 


For electrical characteristics, see page 175. 


+5 volt Supply. 


Ground 
+12 volt Supply. 


High frequency reference output @ (1/4) fin 


Ahigh-level strobe loads the Input Address (Aa, As, Ac, Ao) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


The logic level on these inputs. as shown in Table 1, selects 
the output frequency. 


This output runs at a frequency as selected by the Input Address. 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 


COM5036, COM5036T, COM5046, COMS5046T 
MAXIMUM GUARANTEED RATINGS* 





Operating Temperature Range 2.0... 6... cece nent ree e bennett nent nees o°C to + 70°C 
Storage: Temperatire' Range ~ wies.iscc:cte ga casca sia wenltcelged eb Bina Be hid wae Ge a Rie ares beeen te alee a ee band -—55°C to + 150°C 
Lead Temperature (Soldering, 10SEC.) 6... cee eee ene ene nett tnt e nn EEE Es +325°C 
Positive Voltage on any Pin, with respect to Ground ....... ccc cee cece eee n nee e nent eens +18.0V 
Negative Voltage on any Pin, with respect to Ground... 6... eee eee eee nnn eee eee e nnn -0.3V 
“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 
ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec= +5V+5%, Voo= + 12V+5%, unless otherwise noted) 
Parameter Min. Typ. Max Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low-level, Vi 0.8 V excluding XTAL inputs 
High-level, Vin 2.0 Vec V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vor 0.4 V lo. = 1.6ma 
0.5 V lo. = 3.2ma 
High-level, Vou Vec—-1.5 4.0 V lon = 100nA 
INPUT CURRENT 
Low-level, lit 0.3 mA Vin = GND, excluding XTAL inputs 
INPUT CAPACITANCE 
Allinputs, Cin 5 10 pf Vin = GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 unit loads 
POWER SUPPLY CURRENT 
Icc 28 45 mA 
lop 12 22 mA 
A.C. CHARACTERISTICS Ta = +25°C 
CLOCK FREQUENCY 5.0688 MHz XTAL, EXT 
PULSE WIDTH 
Clock 50% Duty Cycle +5% 
Strobe 150 DC ns See Note 1. 
INPUT SET-UP TIME 
Address 50 ns See Note 1. 
INPUT HOLD TIME 
Address 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 KS = 1/fiy (18) 


Note 1: Input set-up time can be decreased to = Ons by increasing the minimum strobe width by 5Ons to a total of 200ns. 


TIMING DIAGRAM 


Tpw* 
Vik 


STROBE (ST) 


Vit 
Tset-up 
Vin 
ADDRESS 


Vit 


“Address need only be valid during the last Tew, Min time of the input strobe. 
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Crystal Operation External Input Operation 
COM5016 COM5016/COM5016T 
COM5036 COM5036/COM5036T 


5.0688 MHz 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


Crystal Operation External Input Operation 
COM5026 COM5026/COM5026T 
COM5046 COM5046/COMS5046T 


74XX 
TTL 


5.0688 MHz 
crystal 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 
Prefer: HC-18/U or HC-25/U 357 Beloit Street 
Frequency — 5.0688 MHz, AT cut Burlington, Wisconsin 53105 


(414) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 


Series resistance <50 61-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 
(212) 335-6000 
; CTS Knights Inc. 
or as required 101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 
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Overall tolerance + .01% 


APPLICATIONS INFORMATION 


Charge pump techniques 
using the +5 volt power 
supply can be used to 
generate the +12 volt 
power supply required. 
The +12 volt power 
supply of figure 1 will 
supply the 22 milli-amps 
that is typically required. 


When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 

or ‘“‘glitches” on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver +12 volts may have large voltage 
transients when the AC power is switched 
on and off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
or a Semtechbi-polarity silicon transient 
suppressor such as the 1N6110 be used. 


*SEMTECH CORPORATION 
652 Mitchel Road 

Newbury Park, California 91320 
213-628-5392 


Figure 1 


VOLTAGE CHARGE PUMP 
SUPPLY FOR +12v SUPPLY 


From Power 
Supply 


To Chip Power 
Supply Pin 


Figure 2 


OVER-VOLTAGE 
PROTECTION 
CIRCUIT 
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SECTION iV 





COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 


Baud Rate Generator Output Frequency Options 


Table 1. (16X clock) Table 2. (16X clock) 
CRYSTAL FREQUENCY = 5.0688 MHz : CRYSTAL FREQUENCY = 4.9152 MHz 


Tr'mit/Receive Theoretical Actual Duty Tr'mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle Address Baud Frequency Frequency Percent Cycle 
16X Clock 16X Clock Error %  Divisor D Cc B 16X Clock 16X Clock Error %  Divisor 


0.8 KHz 
1.2 


> 


50/50 6336 
50/50 4224 
50/50 2880 
50/50 2355 
50/50 2112 
50/50 1056 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
48/52 
3.125 50/50 


50/50 6144 
50/50 4096 

* 2793 
50/50 2284 
50/50 2048 
50/50 1024 
50/50 512 
50/50 256 

7 171 
50/50 154 
50/50 128 

J 85 
50/50 64 

7 43 
50/50 32 
50/50 16 


ne KHz 


N 
o 


a 
N 
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o 
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2 
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NOVNOHDROBNADA io 
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oO 
@ 
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ms 
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Banstegerxs 
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|=4-0 044-004-400 83400 


wat ADO0O0]2]434~0000 [0 
2209020000400 [5 


°o 
N 
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Tables. (32X clock) 


CRYSTAL FREQUENCY = 5.0688 MHz 


Tr’mit/Receive Theoretical Actual Duty 
Address Baud Frequency Frequency Percent Cycle 
C B A_ Rate 32X Clock 32X Clock Error %  ODivisor 


1.6 KHz 1.6 KHz 50/50 3168 
2.4 2.4 50/50 2112 
50/50 1440 
* 1177 
50/50 1056 
50/50 792 
50/50 528 
50/50 264 
50/50 132 
50/50 
50/50 
50/50 


50/50 
50/50 
50/50 


i=] 


~ 
~ 


So 
4 
[=] 
to) 


VADANMAAROWD 


aN 
OHANANDOODHAW 


ae ei Us OOOQO0O0000 
mas st QOO0O03=23=30000 
—=43O00-]00- ={O00=2-400 
3=30O020-02=020=0=040 
= NOG — 
OHNANDOOHAAYW 
ONABDANDAMYOH 
ssllliiiitligttl 
aun 


Qo 


19,200 


OUTPUT FREQUENCY OPTIONS 


Part No. Dash Number 
Table 1 Table 2 Table 3 


5016/5016T -6 
5026/5026T -6 
5036/5036T N/A 
5046/5046T STD N/A N/A 





*When Duty Cycle is not exactly 50%, it is 50% + 10%. 
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STANDARD MICROSYSTEMS COM 8046 


Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 
O on chip crystal oscillator or external 
requency input 

(J Single + 5v power supply XTAL/EXT1 
C Choice of 32 output frequencies XTAL/EXT2 
(J 32 asynchronous/synchronous baud rates +5v 
C1 Direct UART/USRT/ASTRO/USYNRT 

compatibility . 


(J Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

(11 TTL, MOS compatible 

(1 1X Clock via fo/ 16 output 

C Crystal frequency output via fx and fx/4 
outputs 

LC) Output disable via FENA 





BLOCK DIAGRAM 


REPROGRAMMABLE 


FREQUENCY SELECT 
LATCH 
DIVIDER 
ROM 
ig! 
LOGIC 
XTAL/EXT1 eri 


a : DIVIDER 
CLOCK 


XTAL/EXT2 BUFFER 


Xi 


+5v GND 
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General Description 


The Standard Microsystems COM 8046 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation.from 
a single +5v supply. 


The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 


The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. . 


The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency f,. The 
divider is capable of dividing by any integer from 6 


to 2 + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16 and made 
available at the fo/16 output pin. The fo/16 output will 
drive one and the fo output will drive two standard 
7400 TTL loads. Both the f, and f,/16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately Vcc if left unconnected. 


The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 


The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current f, half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 


Description of Pin Functions 


Crystal or 
External Input 1 


Crystal or 
External Input 2 


Power Supply 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


+5 volt supply 


Crystal/clock frequency reference output . 


Ground 


1X clock output 


Enable 


A low level at this input causes the fo and f,/16 outputs to be 


held high. An open or a high level at the FENA input enables the 
fo and fo/16 outputs. 

E Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 


NC 
f,/4 
Strobe 


No connection 
Y4 crystal/clock frequency reference output. 
Divisor select data strobe. Data is sampled when this input is high, 


preserved when this input is low. 


Divisor select data bits. A=LSB. An open circuit at these inputs 
is equivalent to a logic high. 


16X clock output 


For electrical characteristics, see page 189. 
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STANDARD MICROSYSTEMS COM 8116 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

(J Onchip crystal oscillator or external 
frequency input XTAL/EXT1 1 18 XTAL/EXT2 

[1] Single + 5v power supply 17 f; 

C1 Choice of 2 x 16 output frequencies 16 T, 

-] 16 asynchronous/synchronous baud rates ieee 

C1] Direct UART/USRT/ASTRO/USYNRT i 
compatibility 

C] Full duplex communication capability 

L] Re-programmable ROM via CLASP® 

technology allows generation of other 

frequencies 

(J TTL, MOS compatibility 

[| Compatible with COM 5016 


14 Te 





12 STT 
11 GND 


2 
3 
4 
5 
6 13 Tp 
7 
8 
9 10 NC 











BLOCK DIAGRAM 


A eepe. REPROGRAMMABLE 
D-LATCH ree FREQUENCY SELECT 
CONTROL ~ ROM 


XTALEXT1 DIVIDER 


XTALIEXT2 DIVIDER 


FREQUENCY REPROGRAMMABLE 
D-LATCH DECODE FREQUENCY SELECT 


AND 
CONTROL AON 
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General Description 


The Standard Microsystem’s COM 8116 is an en- 
hanced version of the COM 5016 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8116 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8116 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8116T. 
TTL outputs used to drive the COM 8116 or COM 
8116T XTAL/EXT inputs should not be used to drive 


other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, f.. 
The dividers are capable of dividing by any integer 
from 6 to 2" + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. 
Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level 
sensitive: while the strobe is high, data is passed di- 
rectly through to the ROM. Initiation of a new fre- 
quency is effected within 3.5us of a change in any of 
the four divisor select bits (strobe activity is not re- 
quired). The divisor select inputs have pull-up resis- 
tors; the strobe inputs do not. 


Description of Pin Functions 


Function 


Crystal or 
External Input 1 


Power Supply 


fp Receiver Output 
Frequency 


Receiver-Divisor 
Select Data Bits 


Strobe-Receiver 


Ras Res Res Ro 


No Connection 
No Connection 
Ground 


Strobe- 
Transmitter 
13-16 |Tp, Tc, Tz, Ta | Transmitter- 
Divisor 
Select Data Bits 
f; Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


XTAL/EXT2 


For electrical characteristics, see page 189. 


This input is either one pin of the crystal package or one polarity 
of the external input. 


+5 volt supply 


This output runs at a frequency selected by the Receiver divisor 
select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, f.. 

A high level input strobe loads the receiver data (Ra, Rg, Re, Rp) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


Ground 


A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


This output runs at a frequency selected by the Transmitter divisor 
select data bits. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 
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STANDARD MICROSYSTEMS COM 8126 






Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 


C1] On chip crystal oscillator or external 
frequency input 








Lj Single + 5v power supply XTAL/EXT1 1 
C1) Choice of 16 output frequencies 
L] 16 asynchronous/synchronous baud rates WInDES exe 
[Direct UART/USRT/ASTRO/USYNRT +5v 3 
compatibility NC 4 
L] Re-programmable ROM via CLASP® 5 
technology allows generation of other 
frequencies NC 6 
C1 TTL, MOS compatibility NC 7 


LC] Compatible with COM 5026 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


eae DIVIDER 
CLOCK 


BUFFER 


XTAL/EXT2 


+5v GND 
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General Description 


The Standard Microsystem’s COM 8126 is an en- 
hanced version of the COM 5026 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8126 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8126 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with 
an external TTL reference are marked COM 8126T. 
TTL outputs used to drive the COM 8126 or COM 
8126T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 


promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 
to 2" + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level! sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5us of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current foy; half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 


Crystal or 
External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 
Strobe 


XTAL/EXT2 
Vec 


Ground 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


+5 volt supply 


A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high fevel. 

The logic level on these inputs as shown in Table 1, selects the 
output frequency. 

This output runs at a frequency selected by the divisor select 
data bits. 


Divisor Select 
Data Bits 


Output 
Frequency 





For electrical characteristics, see page 189. 
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STANDARD MICROSYSTEMS COM 8136 


Dual Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C] Onchip crystal oscillator or external 
frequency input XTAL/EXT1 18 XTAL/EXT2 

(J Single + 5v power supply 17 f; 

C Choice of 2 x 16 output frequencies 16 T, 

C] 16 asynchronous/synchronous baud rates isT 

CC] Direct UART/USRT/ASTRO/USYNRT , 
compatibility 14 T, 

CJ Full duplex communication capability 13 Tp 





C1] High frequency reference output 42 STT 

(} Re-programmable ROM via CLASP® 
technology allows generation of other 11 GND 
frequencies 10 fx/4 

CL) TTL, MOS compatibility 

1] Compatible with COM 5036 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


OM 


XTAL/EXT1 OIVIDER 


XTAL'EXT2 DIVIDER 


REPROGRAMMABLE 


FREQUENCY SELECT 
D-LATCH 
ROM 
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General Description 


The Standard Microsystem’s COM 8136 is an en- 
hanced version of the COM 5036 Dual Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the 
frequencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8136 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8136T. 
TTL outputs used to’ drive the COM 8136 or COM 
8136T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 


The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f,, fp. 
The dividers are capable of dividing by any integer 
from 6 to 2"? + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC’s 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. Each 
group of four divisor select bits is held in an externally 
strobed data latch. The strobe input is level sensi- 
tive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5us of a change in any of the four 
divisor select bits (strobe activity is not required). 
The divisor select inputs have pull-up resistors; the 
strobe inputs do not. 


Description of Pin Functions 


Crystal or 
External Input 1 


Power Supply 


fp Receiver Output 
Frequency 


Receiver-Divisor 
Select Data Bits 


Strobe-Receiver 


Ra; Rs, Re, Rp 


STR 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 

+5 volt supply 

This output runs at a frequency selected by the Receiver divisor 
select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fp. 

A high level input strobe loads the receiver data (R,, Rs, Rc, Rp) into 


the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


NC 
f,/4 
GND 


No Connection 
f,/4 


Ground Ground 


% crystal/clock frequency reference output. 


STT Strobe- 


Transmitter 


A high level input strobe loads the transmitter data (T,, Ts, Tc, Tp) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, f;. 


Transmitter- 
Divider 
Select Data Bits 

f; Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


13-16 | Tp, Te, Ts, Ta 


This output runs at a frequency selected by the Transmitter divisor 
select data bits. 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


XTAL/EXT2 





For electrical characteristics, see page 189. 
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STANDARD MICROSYSTEMS COM 8146 






Baud Rate Generator 


Programmable Divider 


FEATURES PIN CONFIGURATION 

C] Onchip crystal oscillator or external 
frequency input 

CJ Single + 5v power supply XTAL/EXT1 14 four 

C] Choice of 16 output frequencies 

CJ 16 asynchronous/synchronous baud rates 


XTAL/EXT2 13 A 





CJ Direct UART/USRT/ASTRO/USYNRT 12 B > 
compatibility uC 2 
(J High frequency reference output 1630 i 
CL] Re-programmable ROM via CLASP® 
technology allows generation of other 9 ST 


frequencies ee ae a 
C1 TTL, MOS compatibility 
L] Compatible with COM 5046 





BLOCK DIAGRAM 


REPROGRAMMABLE 
FREQUENCY SELECT 


ROM 


XTAL/EXT1 


XTAL DIVIDER 
CLOCK 


BUFFER 


XTAL/EXT2 
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General Description 


The Standard Microsystem’s COM 8146 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC’s patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 


The standard COM 8146 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 


The COM 8146 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8146T. TTL 
outputs used to drive the COM 8146 or COM 8146T 
XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised 
due to excessive loading. 


The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 to 
2" + 1, inclusive. If the divisor is even, the output will 
be square; otherwise the output will be high longer 
than it is low by one fx clock period. 


The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 


The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC’s unique CLASP ® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5us of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current foy; half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 


Description of Pin Functions 


XTAL/EXT1 Crystal or 


External Input 1 


Crystal or 
External Input 2 


Power Supply 
No Connection 
Ground 
fy/4 


XTAL/EXT2 


Ground 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


+5 volt supply 


Y% crystal/clock frequency reference output. 


Strobe A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high level. 

The logic level on these inputs as shown in Table 1, selects the 
output frequency. 


This output runs at a frequency selected by the divisor select 
data bits. 


Divisor Select 
Data Bits 


Output 
Frequency 





For electrical characteristics, see page 189. 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 


| COM8126T, COM8136, COM8136T, COM8146, COM8146T 
MAXIMUM GUARANTEED RATINGS * 


Operating Temperature Range 20... ee enn en enn ee O°C to + 70°C 
Storage Temperature Range: o54. 00. ckes eee tends as age ede ee a nee le eee ae -—§5°C to + 150°C 
Lead Temperature (soldering, 10S€C.) .. 0.2 tee eee +325°C 
Positive Voltage on any Pin. with respect to ground 20... nents +8.0V 
Negative Voltage on any Pin. with respectto ground... 6... eee ees —0.3V 


‘Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vi 0.8 Vv = 
High-level, Vix 2.0 V__| excluding XTAL inputs 5 
OUTPUT VOLTAGE LEVELS & 
Low-level, Vo. 0.4 Vi | Io, =1.6mA, for f,/4, fo/16 7) 
0.4 V | lo, =3.2mA, for fo, fe, fr 
0.4 V Io, =0.8mA, for f, 
High-level, Vou 3.5 V lon = —100zA; for fx, loo= —50nA 
INPUT CURRENT 
Low-level, Ix -0.1 mA | Viw=GND, excluding XTAL inputs 
INPUT CAPACITANCE 
All inputs, Cin 5 10 pF | Viw=GND, excluding XTAL inputs 
EXT INPUT LOAD 8 10 Series 7400 equivalent loads 
POWER SUPPLY CURRENT 
lec , 50 mA 
A.C. CHARACTERISTICS Ta= +25°C 
CLOCK FREQUENCY, fix 0.01 7.0 MHz | XTAL/EXT, 50% Duty Cycle +5% 
COM 8046, COM 8126, COM 8146 
0.01 5.1 MHz | XTAL/EXT, 50% Duty Cycle +5% 
COM 8116, COM 8136 
STROBE PULSE WIDTH, tpw 150 DC ns 
INPUT SET-UP TIME 
tos : 200 ns 
INPUT HOLD TIME 
tox 50 ns 
STROBE TO NEW FREQUENCY DELAY 3.5 uS @ fx = 5.0 MHz 


‘TIMING DIAGRAM 


tew 


STROBE 


DIVISOR Vin 
SELECT 
DATA 
Vi 
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Crystal Operation External input Operation 


COM 8116 COM 8116/COM 8116T 
COM 8136 COM 8136/COM 8136T 


5.0688 MHz 


74XX—totem pole or open collector output (external 
pull-up resistor required) 


Crystal Operation — External Input Operation 
COM 8126 COM 8126/COM 8126T 
COM 8146 COM 8146/COM 8146T 
COM 8046 COM 8046/COM 8046T 


74XX > 


TTL 


5.0688 MHz 
crystal 


74XX—totem pole or open collector output (external . 
pull-up resistor required) 


For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 
The ROM programming is automatically generated. 





Crystal Specifications Crystal manufacturers (Partial List) 
User must specify termination (pin, wire, other) Northern Engineering Laboratories 


Prefer: HC-18/U or HC-25/U 357 Beloit Street 
Burlington, Wisconsin 53105 


Frequency — 5.0688 MHz, AT cut (41 4) 763-3591 
Temperature range 0°C to 70°C Bulova Frequency Control Products 
Series resistance <50 61-20 Woodside Avenue 
Series Resonant Woodside, New York 11377 


(212) 335-6000 

; CTS Knights Inc. 

or as required 101 East Church Street 
Sandwich, INinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 
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Overall tolerance + .01% 


Divisor 
Select 
EDCBA 


00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
19010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
41111 


Desired 
Baud 
Rate 


50.00 
75.00 
110.00 
134.50 
150.00 
200.00 
300.00 
600.00 
1200.00 
1800.00 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19200.00 
50.00 
75.00 
110.00 
134,50 
150.00 
300.00 
600.00 
1200.00 
1800.00 
2000.00 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19200.00 


COM 8046 
COM 8046T 


Table 2 
REFERENCE FREQUENCY = 5.068800MHz 


Desired 
Clock Frequency 


(KHz) 


1.60000 
2.40000 
3.52000 
4.30400 
4.80000 
6.40000 
9.60000 
19.20000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
230.40000 
307.20000 
614.40000 
0.80000 
1.20000 
1.76000 
2.15200 
2.40000 
4.80000 
9.60000 
19.20000 
28.80000 
32.00000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
307.20000 


Divisor 


3168 
2112 
1440 
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Actual 
Baud 
Rate 


50.00 
75.00 
110.00 
134.58 
150.00 
200.00 
300.00 
600.00 
1200.00 
1800.00 
2400.00 
3600.00 
4800.00 
7200.00 
9900.00 
19800.00 
50.00 
75.00 
110.00 
134,52 
150.00 
300.00 
600.00 
1200.00 
1800.00 
2005.06 
2400.00 
3600.00 
4800.00 
7200.00 
9600.00 
19800.00 


Actual 
Frequency 
(KHz) 


1.600000 
2.400000 
3.520000 
4.306542 
4.800000 
6.400000 
9.600000 
19.200000 
38.400000 
57.600000 
76.800000 
115.200000 
153.600000 
230.400000 
316.800000 
633.600000 
0.800000 
1.200000 
1.760000 
2.152357 
2.400000 
4.800000 
9.600000 
19.200000 
28.800000 
32.081013 
38.400000 
57.600000 
76.800000 
115.200000 
153.600000 
316.800000 


Deviation 


0.0000% 
0.0000% 
0.0000% 
0.0591% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.1250% 
3.1250% 
0.0000% 
0.0000% 
0.0000% 
0.0166% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.2532% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.1250% 





= 
z 
= 
ed 
oO 
tu 
77) 





COM 8116 COM 8136 
COM 8T16T COM 8136T 


COM 8126 COM 8146 
COM 8126T COM 8146T 


Table 1 


REFERENCE FREQUENCY = 5.068800MHZ 
(STANDARD PART) 


Divisior Desired Desired Actual Actual 
Select Baud Clock Frequency Baud Frequency 
DCBA Rate Factor (KHz) Divisor Rate (KHz) Deviation 


0000 50.00 0.80000 6336 50.00 0.800000 0.0000% 
0001 75.00 1.20000 4224 75.00 1.200000 0.0000% 
0010 110.00 1.76000 2880 110.00 1.760000 0.0000% 
0011 134.50 2.15200 2355 134.52 2.152357 0.0166% 
0100 150.00 2.40000 2112 150.00 2.400000 0.0000% 
0101 300.00 4.80000 300.00 4.800000 0.0000% 
0110 600.00 9.60000 600.00 9.600000 0.0000% 
0111 1200.00 19.20000 1200.00 19.200000 0.0000% 
1000 1800.00 28.80000 1800.00 28.800000 0.0000% 
1001 2000.00 32.00000 2005.06 32.081013 0.2532% 
1010 2400.00 38.40000 2400.00 38.400000 0.0000% 
1011 3600.00 57.60000 3600.00 57.600000 0.0000% 
1100 4800.00 76.80000 4800.00 76.800000 0.0000% 
1101 7200.00 115.20000 7200.00 115.200000 0.0000% 
1110 9600.00 153.60000 9600.00 153.600000 0.0000% 
1111 19200.00 307.20000 19800.00 316.800000 3.1250% 





Table 2 


REFERENCE FREQUENCY = 4.915200MHz 
(COM81_ ——5) 


Divisor Desired Desired Actual Actual 
Select Baud Clock Frequency Baud Frequency 
DCBA Rate Factor (KHz) Divisor Rate (KHz) Deviation 


0000 50.00 16X 0.80000 6144 50.00 0.800000 0.0000% 
0001 75.00 16X 1.20000 75.00 1.200000 0.0000% 
0010 110.00 16X 1.76000 109.93 1.758983 0.0100% 
0011 134.50 16X 2.15200 134.50 2.152000 0.0000% 
0100 150.00 16X 2.40000 150.00 2.400000 0.0000% 
0101 300.00 16X 4.80000 300.00 4.800000 0.0000% 
0110 600.00 16X 9.60000 600.00 9.600000 0.0000% 
0111 1200.00 16X 19.20000 1200.00 19.200000 0.0000% 
1000 1800.00 16X 28.80000 1796.49 28.743859 0.1949% 
1001 2000.00 — 16X 32.00000 1994.81 31.916883 0.2597% 
1010 2400.00 16X 38.40000 2400.00 32.000000 0.0000% 
1011 3600.00 16X 57.60000 3614.11 57.825882 0.3921% 
1100 4800.00 16X 76.80000 4800.00 76.800000 0.0000% 
1101 7200.00 16X 115.20000 7144.19 114.306976 0.7751% 
1110 9600.00 16X 153.60000 9600.00 153.600000 0.0000% 
1114 19200.00 16X 307.20000 19200.00 307.200000 0.0000% 
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COM 8017 
DUAL COM 2017 
BAUD RATE GENERATOR 


UART 


Typical UART—Dual Baud Rate Generator Configuration 
Full Duplex—Split Speed 


COM 8046 COM 1671 
ASTRO 





Typical ASTRO—Baud Rate Generator Configuration 


XTAL/EXT1 


XTAL/EXT2 


Typical External Oscillator Hook-Up To System 


XTAL/EXT1 


[__] XTAL 
COM 8XXX COMPARATOR To System 
50-100pF 
XTAL/EXT2 


Generation of Communication Reference Frequency and 
System Clock from a single crystal 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION, information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
ee assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
isie)2/3-3100 Twx-50-227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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imu CRT Display 


TIMING CONTROLLERS 
= 


CRT 5027 provides all of the programmable 4MHz 40 DIP 
balanced beam interlace | programmable +6,+12 40 DIP 



















197-204 | 












CRT 5037 timing and control 197-204 
(3) for interlaced and t H +12 i 
CRT 5047 non-interiacsd CRY fixed forma oe 4MHz | +5,+1 40 DIP 205-206 














displ 
CRT 5087 cd line-lock programmable 4MHz | +6,+18 40 DIP 197-204 
CRT 9007 CRT video processor | sequential or row- programmable 4 MHz +5 40 DIP 207-226 
and controller table driven memory 
CRT 96364A/B | complete CRT on-chip cursor and 64 column 1.6 MHz +5 88 DIP 227-234 
. processor write control 16 row 


VDAC™ DISPLAY CONTROLLERS 


Max Power 
Part Number Description Display Attributes Clock Supply Package Page 


CRT 8002H'+*% | Provides complete 7x11 dot matrix, | reverse video 25 MHz 247-254 
display and attri- wide graphics, blank 
butes control for thin graphics, blink 
CRT 80024 '**) alphanumeric and on-chip cursor underline 20 MHz 255-244 
: raphics display. trike-th 
| grap Mb gpa wate +5 28 DIP . 





































Consists of 7 x 11x 188 
character generator, 
video shift register, 
latches, graphics and 
attributes circuits. 








15 MHz 


10 MHz 


CHARACTER GENERATORS 


Max 
part ante Description Power Supp 


CRT 8008B (2.3) 235-244 











CRT 80020 #» 235-244 



















ee = Y x11 x 128 character generator, ieee 
GRT 70048 Ga) (ihe Paco anaes 15 MHz +5 24 DIP 255-260 
CRT 70040 G4) 10 MHz 





ROW BUFFER 


Max 
el one 
CRT 9006-85 8 bit wide serial cascadable single row buffer +5 24 DIP 261-266 
CRT 9008-135 memory for CRT or printer 
CRT 9212 8 dit wide serial cascadable double row buffer 135 characters +5 28 DIP 267-272 
memory for CRT or printer 


VIDEO ATTRIBUTES CONTROLLERS 


Max Power 
Part Number Description Display Attributes Clock Supply Package 
CRT 6021 Provides attributes Alphanumeric, wide . | Reverse video, |}. 20 MHz +5 28 DIP 273-280 
and graphics control graphics, thin graphics,| blank, blink, 
for CRT: video on-chip cursor underline, 
displays strike-thru 
CRT 9021B Provides attributes Alphanumeric, wide | Reverse video, | 28.6 MHz +5 28 DIP 281-292 
for CRT video on-chip cursor, double | underline, 
displays height, double width. | intensity. — : 


and graphics control graphics, thin graphics,| blank, blink, 
(2) For future release (3) May be custom mask programmed 




















































(2) Also available as CRT 8002A,B,C — 001 Katakana (4) Also available as CRT 7004A,B,C —0085 5X7 
CRT 8008A,B,C — 003 5X7 dot matrix dot matrix 


195 


SECTION V 
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STANDARD MICROSYSTEMS CRT 5027 


—— CRT 5037 
CRT 5057 


: ; [LPC FAMILY 
CRT Video Timer and Controller 
VTAC® 


FEATURES PIN CONFIGURATION 


(] Fully Programmable Display Format 
Characters per data row (1-200) 
Data rows per frame (1-64) 

Raster scans per data row (1-16) 
Programmable Monitor Sync Format 
Raster Scans/Frame (256-1023) 

“Front Porch” 
Sync Width 
“Back Porch”’ 
Interlace/Non-!Interlace LLI/CSYN 
Vertical Blanking VSYN 
Lock Line Input (CRT 5057) pcc 
CC Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync (CRT 5027, CRT 5037) 
Blanking 
Cursor coincidence 
C1 Programmed via: 














OnNOOAWHN = 



































=> 
Processor data bus = 
External PROM PACKAGE: 40-Pin D.1.P. _ 
Mask Option ROM C] Split-Screen Applications ia 
(J Standard or Non-Standard CRT Monitor Compatible Horizontal 
(] Refresh Rate: 60Hz, 50Hz,... Vertical 
C] Scrolling (1 Interlace or Non-Interlace operation 
Single Line C) TTL Compatibility 
Multi-Line 1 BUS Oriented 
C1 Cursor Position Registers [] High Speed Operation 
(1 Character Format: 5x7, 7x9,... [] COPLAMOS*" N-Channel Silicon 
C] Programmable Vertical Data Positioning Gate Technology 
[] Balanced Beam Current Interlace (CRT 5037) Compatible with CRT 8002 VDAC™ 
1 Graphics Compatible [|] Compatible with CRT 7004 











GENERAL DESCRIPTION 


The CRT Video Timer and Controller Chip (VTAC)* isa user programmable 40-pin COPLAMOS® nchannel MOS/LS! 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. Thedatarow 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly offan 8 bit bidirectional data bus. Fourregister 
address lines and achip select line provide complete microprocessor compatibility for program controlled setup. The device 
can be “self loaded” via an external PROM tied on the data bus as described inthe OPERATION section. Formatting can also 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines perdatarow. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT’s vertical refresh rate, as controlled by the VTAC’s® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called “swim” phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC’s® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 
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Pin No. 
25-18 


3 
39,40,1,2 


Symbol Name 
DB¢-7 Data Bus 


cS Chip Select 

Ag-3 Register 
Address 
Data Strobe 


DOT Counter 
Carry 


Character 
Counter Outputs 


Scan Counter 
Outputs 
H7/DR5 H7/DR5 


Scan Counter LSB 


Data Row 
Counter Outputs 
Blank 

Horizontal Sync 
Vertical Sync 


Description of Pin Functions 


Input/ 
Output 


/0 


O 
O 
O 
O 


Composite Sync Output/ O/| 


Line Lock Input 


Cursor Video 
Power Supply 
Power Supply 


Function 


Data bus. Input bus for contro! words from microprocessor or 
PROM. Bidirectional bus for cursor address. 

Signals chip that it is being addressed 

Register address bits for selecting one of seven control 

registers or either of the cursor address registers 

Strobes DBQ-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the data bus 
Carry from off chip dot counter establishing basic character 
clock rate. Character clock. 

Character counter outputs. 


Three most significant bits of the Scan Counter; row select 
inputs to character generator. 


Pin definition is user programmable. Output is MSB of 
Character Counter if horizontal line count (REG.) is =128; 
otherwise output is MSB of Data Row Counter. 


Least significant bit of the scan counter. In the inter- 
laced mode with an even number of scans per data row, 
R@ will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R@ will toggle 
at the data row rate. 


Data Row counter outputs. 


Defines non active portion of horizontal and vertical scans. 

Initiates horizontal retrace. 

Initiates vertical retrace. 

Composite sync is provided on the CRT 5027 and CRT 5037. 

This output is active in non-interlaced mode only. Provides a true 
RS-170 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC's® specified logic levels, is applied to this pin. 
Defines cursor location in data field. 

+5 volt Power Supply 

+12 volt Power Supply 


DATABUS D867 625-18 





SELAI 











SCANS/FRAME 
SELA4—~) “REGISTER 

















+5v +12v GND 


BLOCK DIAGRAM 
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Operation 


The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1. The information contained in these seven words consists of the following: 


Horizontal Formatting: 
Characters/Data Row A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 
The standard device will be masked for the following character lengths; 20, 32, 
40, 64, 72, 80, 96, and 132. 


Horizontal Sync Delay | 3 bits assigned providing up to 8 character times for generation of ‘front porch”. 


Horizontal Sync Width 4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 


Horizontal Line Count 8 bits assigned providing up to 256 character times for total horizontal formatting. 


Skew Bits A 2 bit code providing from a 0 to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal, vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 


Vertical Formatting: 
Interlaced/Non-interlaced This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 


Scans/Frame 8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 


Sisteatie, Bi) 


Vertical Data Start 8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 


Data Rows/Frame 6 bits assigned providing up to 64 data rows per frame. 


Last Data Row 6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 


Scans/Data Row 4 bits assigned providing up to 16 scan lines per data row. 


Additional Features 


Device Initialization: 

Under microprocessor control—The device can be reset under system or program control by presenting a191@ address 
on A3-¥. The device will remain reset at the top of the even field page until a start command is executed by presenting a1112 
address on A3-@. 


Via ‘Self Loading”—In a non-processor environment, the self loading sequence is effected by presenting and holding the 
1111 address on A3-@, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by 
presenting the #111 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 


Scrolling—In addition to the Register 6 storage of the last displayed data row a “scroll” command (address 1911) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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Control Registers Programming Chart 


Horizontal Line Count: Total Characters/Line=N+1,N=0 to 255 (DBO=LSB) 
Characters/Data Row: DB2 DB1 DBO 
0 20 Active Characters/Data Row 
32 
40 
64 
72 
80 
96 
132 
Horizontal Sync Delay: N, from 1 to 7 character times (DBO =LSB) (N =0 Disallowed) 
Horizontal Sync Width: =N, from 1 to 15 character times (DB3=LSB) (N =0 Disallowed) 
Sync/Blank Delay Cursor Delay 
Skew Bits 7 DB6 (Character Times) 
0 0 
0 
1 


biter dou 


0 
0 
0 
1 
1 
1 
1 


1 
2 
1 2 
Scans/Frame 8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO =LSB) 
1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (00000110). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) innon-interlaced mode—scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3 (00000011). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 
Vertical Data Start: N = number of raster lines delay after leading edge of vertical sync of 
vertical start position. (DBO =LSB) 
Data Rows/Frame: Number of data rows = N+1, N=0to 63 (DBO =LSB) 
Last Data Row: N = Address of last dsplayed data row, N = 0to 63, ie; for 24 data rows, 
program N= 23. (DBO=LSB) 
Mode: Register, 1, DB7=1 establishes Interlace. 
Scans/Data Row: es Interlace Mode 
CRT 5027: Scans per Data Row = N+1 where N = programmed number of 
scans/data rows: N = Oto 15. Scans per data row must be even counts only. 
CRT 5037, CRT 5057: Scans per data Row = N +2.N = Oto 14, odd or even 


counts. 
Non-Interlace Mode 


CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, oddor 
even count. N = 0to 15. 


Ag At A2 As CS 


SMC 
CRT 5027, CRT 5037 
or CRT S057 


Figure 4. 


SELF LOADING SCHEME 
32 x 8 PROM ‘ FOR VTAC® SET-UP 


HARRIS HM-7602 
OR EQUIVALENT 


SLOAD ws 
(from system) 


ROW SELECTS 
TO CHARACTER GENERATOR 
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Register Selects/Command Codes 


A3 A2 Al AG Select/Command Description 


Load Control Register @ 

Load Control Register 1 

Load Contro! Register 2 

Load Control Register 3 See Table 1 

Load Control Register 4 

Load Control Register 5 

Load Control Register 6 

Processor Initiated Self Load Command from processor instructing 
VTAC® to enter Self Load Mode (via ex- 
ternal PROM) 


ooo0oocooco0o0o0°90 


Read Cursor Line Address 

Read Cursor Character Address 

Reset Resets timing chain to top left of page. Reset 
is latched on chip by DS and counters are 
held until released by start command. 

Up Scroll Increments address of first displayed data 
row on page. ie; prior to receipt of scroll 
command—top line = 0, bottom line = 23. 
After receipt of Scroll Command—top line = 
1, bottom line = 0. 


Load Cursor Character Address* 

Load Cursor Line Address* 

Start Timing Chain Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 

Non-Processor Self Load Device_will begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-@ long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all ‘1's’? condition is removed, indepen- 
dent of DS. For synchronous operation 
of more than one VTAC®, the Dot Counter 
Carry should be held low when the com- 
mand is removed. 


> 
= 
=] 
ra 
(=) 
us 
(7) 





*NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 
Register (REG 8) are enabled during states $111 and 1900 of the R3-R@ Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 





TABLE 1 


BIT ASSIGNMENT CHART 
HORIZONTAL LINE COUNT SKEWBITS DATAROWS/FRAME LAST DISPLAYED DATA ROW 


eece|7/ | | TT ft [oy resc[zfots] | [ [toy veee{ | [5] | tt te 


MODE: INTERLACED/ HSYNC WIDTH HSYNC DELAY SCAN LINES/FRAME CURSOR CHARACTER ADDRESS 


NON INTERLACED aaa 
rect 7/6] | [3/2] [a] eece{7] | | | [| fo} ves7[7] | | tt Tt fal 


SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS 


ee 
reco] Jo} | [ale [a] reost7] | | | | | to) veoeL] [st I | | ol 
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AC TIMING DIAGRAMS 


FIGURE 1 VIDEO TIMING 


DOT COUNTER | 
CARRY 


Hg-7 

H SYNC. V SYNC, BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 


FIGURE 2 LOAD READ TIMING 


Tsetup1 


ADDRESS. 
CHIP SELECT 


Tset up2 


Be» TEE... 


Toev2 


Hiren MLL... KL 





PW os 


FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 


*RO-3 and DR@-5 may change prior to the falling edge of H sync 


CRT 5057 LINE LOCK 


LINE LOCK IN 
(60 HZ, 50 H2) 


| 

CRT 5057 LOGIC | 
THRESHOLD | 
be————1/F LINE LOCK————>} 


| 


}e-——1/F LINE LOCK + 1H 


VERTICAL SYNC 
OUT 


SAMPLES LINE 
LOCK IN 


Note: To ensure 


OGIC . 
THRESHOLD | a stable display when 


using the line lock 
Me hres mode, the CRT 5057 
OUT ; should be used with DC 


PROGRAM: SCANS/FRAME TO BE GREATER THAN 7 coupled monitors only. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range... 0... ee ete ett e beet teen eens O°Cto + 70°C 
storage-Temperature Range: a ieee de hte hee aa i ass ei tn de ee ek Gwe ~55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) 2.0... eee eee e bene een e ene + 325°C 
Positive Voltage on any Pin, with respect to ground 1.0.0... ee +18.0V 
Negative Voltage on any Pin, with respect to ground «1... tee rnc t eens -0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0'C to 70°C, Vec= +5V+5%, Vop= + 12V +5%, unless otherwise noted) 





Parameter Min. Typ. Max. Unit Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level, Vir 0.8 V 
High Level, Vin Vec-1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level—Vox for R@-3 0.4 V lo. =3.2ma 
Low Level—Vo all others 0.4 Vo lo. =1.6ma 
High Level—Vou for R@-3, DBG-7 2.4 lon =80pua 
High Level—Vou all others 2.4 loH=40yua 
INPUT CURRENT 
Low Level, lit (Address, CS only) 250 pA Viy=0.4V > 
Leakage, Ii. (All Inputs except Address, CS) 10 pA OSVinSVcc = 
INPUT CAPACITANCE = 
Data Bus, Cin 10 15 pF rn 
DS, Clock, Cin 25 40 pF a 
All other, Cin 10 15 pF 
DATA BUS LEAKAGE in INPUT MODE 
Ips 10 pA 0.4VEV) = 5.25V 
POWER SUPPLY CURRENT 
Icc 80 100 mA 
lop 40 70 mA 
A.C. CHARACTERISTICS Ta= 25°C 
DOT COUNTER CARRY 
frequency 0.5 4.0 MHz Figure 1 
PW 35 ns Figure 1 
PWL 215 ns Figure 1 
tr, tf 10 50 ns Figure 1 
DATA STROBE 
PWos 150ns 10zs Figure 2 
ADDRESS, CHIP SELECT 
Set-up time 125 ns Figure 2 
Hold time 50 ns Figure 2 
DATA BUS—LOADING 
Set-up time 125 ns Figure 2 
Hold time 75 ns Figure 2 
DATA BUS—READING 
Toet2 125 ns Figure 2, CL=50pF 
ToeLs 5 60 ns Figure 2, CL=50pF 
OUTPUTS: H@-7, HS, VS, BL, CRV, 
CS-Toeu: 125 ns Figure 1, CL=20pF 
OUTPUTS: RG-3, DRB-5 
ToEL3 * 750 ns Figure 3, CL=20pF 


*RQ-3 and DR@-5 may change prior to the falling edge of H sync 


Restrictions 
1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 


the standard WRITE and READ control signals from most microprocessors must be “NORed” externally to present a single 
strobe (DS) signal to the device. 

2. Ininterlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 


HORIZONTAL TIMING 


START OF LINE N START OF LINE N+1t 


ACTIVE VIDEO= 
CHARACTERS PER DATA LINE 
HORIZONTAL SYNC DELAY 
(FRONT PORCH) 
HORIZONTAL SYNC WIDTH 
HORIZONTAL LINE COUNT=H 


VERTICAL TIMING 
START OF FRAME M OR ODD FIELD START OF FRAME M+1 OR EVENFIELO 


SCAN LINES PER FRAME > 





Lm | MLLLLLILLI LIP LLLTLLTL LLL ELLA | \__Vit7 


VERTICAL DATA 
START 


COMPOSITE 
SYNC 
Vo 


t 4. 
/OATAZ Hi 
SCANS ROW a {3 
COUNTER -RO 
N=9 


N=23 


VERTICAL 
SYNC 





ACTIVE VIDEO= a 
D 
ATA ROWS PER PRAME Geeenceuid 
=3H 


Composite Sync Timing 


Vertical Sync Timing 
FRAME M ++ Frame M+1 


SCAN COUNTER IS HELD 
RESET OURING V BLANK 


5 7 9 1 3 S 2 9 


2 4 6 8 is) 


DATA ROW COUNTER 


MAINTAINS LAST COUNT 

DURING V BLANK 
DATA ROW re 
COUNTER-DRO 23 A 


22 


6 
ging DATA START SCAN = (REG 5) 


ew UU EU UU PE | 
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EXAMPLE BASED ON: Non-Interlaced (Reg 1. Bit 7 = 0), 24 data rows. 10 scans/ data row 


Start-up, CRT 5027 


When employing microprocessor controlled loading of the CRT 5027’s registers, the following se- 
quence of instructions is necessary: 


ADDRESS COMMAND 


1 Start Timing Chain 
1 Reset 
0 Load Register 0 


Oo 61 1 Load Register 6 
| 1 1 0 Start Timing Chain 


The sequence of START RESET LOAD START is necessary to insure proper initialization of the 


registers. 


This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is optional with the CRT 5037 or CRT 5057. 


STANDARD MICROSYSTEMS 


35 Marcus Bivd.. Hauppauge. N.Y. 11788 
(516) 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
—_—— 


CRT 5047 


[LPC FAMILY 


Preprogrammed CRT Video Timer and Controller 
VTAC® 


FEATURES 


L] Preprogrammed (Mask-Programmed) Display Format 


80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 


L] Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-Interlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 


C] Fixed Character Rate 
1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 
L) Character Format 
5 X 7 Character in a 7 X 9 Block 
LC] Compatible with CRT 8002B-003 VDAC™ 


L] Compatible with CRT 7004B-003 


PIN CONFIGURATION 


1 

2 
3 
4 
5 
6 
7 
8 


PACKAGE: 40-pin D.1.P. 





L] May be mask-programmed with other display formats 


GENERAL DESCRIPTION 


The two chip combination of SMC’s CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec- 
tronics for a CRT terminal. This chip set along with a 
uC form the basis for a minimum chip count CRT 
terminal. 


The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 


The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 
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sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 


Reset Load Control Register6 Start Timing Chain 


The parameters of the CRT 5047 have been selected to 
be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC™ is taken into account, 
the effective timing is: Horizontal Front Porch —four 
characters, and Horizontal Back Porch—eight characters. 


Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 


> 
=z 
2 
= 
oO 
tu 
(7) 
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STANDARD MICROSYSTEMS 
—— 


We keep ahead of our competition so you can keep ahead of yours. 


VTAC® WORK SHEET 


5 


. H CHARACTER MATRIX (No. of Dots): .2% — 
. V CHARACTER MATRIX 

(No. of Horiz. Scan Lines): ............ = 
. H CHARACTER BLOCK (Step 1 + 7 

Desired Horiz. Spacing = No. in Dots): ..__* _ 
. V CHARACTER BLOCK (Step 2 + 

Desired Vertical Spacing = No. in 9 

Horiz. Scan Lines): ........... eee eeeees = 
. VERTICAL FRAME (REFRESH) RATE 60 

(Freq. iW HZ)s vik okncvaweie ba Ge «2 ehweate en ata 
. DESIRED NO. OF DATA ROWS: ........ 24 
. TOTAL NO. OF ACTIVE “VIDEO 

DISPLAY” SCAN LINES (Step 4 x 216 

Step 6 = No. in Horiz. Scan Lines): ..... Parca 
. VERT. SYNC DELAY (No. in Horiz. 16 

SCAN LINCS) aw Soe Se earls eA womans oes 
. VERT. SYNC (No. in Horiz. Scan Lines; 

Me OO is ee aa ce meta cet auene oes a 
. VERT. SCAN DELAY (No. in Horiz. 07 

Scan Lines; T=.1.718 ms‘) 


ADDRESS 


REG. # A3_ AO FUNCTION 


0000 
INTERLACE__O 
H SYNC WIDTH __8 
H SYNC DELAY 


0001 


SCANS/DATA ROW __9 
CHARACTERS/ROW __80 


11. TOTAL VERTICAL FRAME (Add steps 262 

7 thru 10 = No. in Horiz. Scan Lines): .. 262 
12. HORIZONTAL SCAN LINE RATE 45.720 

(Step 5 x Step 11 = Freq. in KHz): ...... pod Seah 
13. DESIRED NO. OF CHARACTERS 

PER HORIZ. ROW: ......cecee cece ee eee _80_ 
14. HORIZ. SYNC DELAY (No. in Character 

Time Units; T =3-817 ys**): 00.0... .0.. 26. 
15. HORIZ. SYNC (No. in Character Time 

Wits 2 O80 ph ees cs oe ect Be < 
16. HORIZ. SCAN DELAY (No. in Character 

Time Units; T =3:817 ys**): oo... . 6.0. 228i: 
17. TOTAL CHARACTER TIME UNITS IN (1) 

HORIZ. SCAN LINE (Add Steps 13 

TPE AB) oon Soe ioe ep kw, aue On aee ind een Woe _100_ 
18. CHARACTER RATE (Step 12 x Step 17 

== reg il MZ) S waid wah eS ase s cease ales 1.572 
19. CLOCK (DOT) RATE (Step 3 x Step 18 

= Pred. In MHZ)! - viet caus eaeed eee eekses 11.004 

**Horizontal Interval 


Bent. ites alan Sheer ens ——— *Vertical Interval 


HORIZ. LINE COUNT__100 _ 


SKEW CHARACTERS 0,0 


DATA ROWS 


SCANS/FRAME __262__ 
xX = 3 


VERTICAL DATA START 


= 3+ VERTICAL SCAN DELAY: 


SCAN DELAY __27__ 
DATA START __30 _ 
6" 0110 


(= DATA ROWS) 


LAST DISPLAYED DATA ROW 


BIT ASSIGNMENT HEX. DEC. 


O}i{ijofofolii1} _63_ 
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ofr jolojolsjsjo} 46 70 
[x[1]ofojo]ijol1] as 
jojojolajojaiafa} a7 
ojojojojojoj+ii} 3 


o;ofo[1f4j1{1]o| 4 
Ix[x] [TE pL J_- 


*Register 6 has an initialization option. It is loaded with the data containedin Register3 by a“Load Register6” command. 
The “Up Scroll” command can be used to effect scrolling operations. 


Figure 1: CRT 5047 Mask Programmed Registers 


35 Marcus Bivd.. Hauppauge. N.Y. 11788 
{516} 273-3100 TWX-510-227-8898 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
———— 


CRT 9007 


: [IPC FAMILY 


CRT Video Processor and Controller 
VPAC™ 


FEATURES 


C Fully Programmable Display Format 
Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 
CL) Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch— Horizontal (Negative or Positive) 
—Vertical 
Sync Width— Horizontal (1-128 Character Times) 
— Vertical (2-256 Scan Lines) 
Back Porch— Horizontal 
—Vertical 
C Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 
C] Binary Addressing of Video Memory 
1] Row-Table Driven or Sequential Video Addressing Modes 
(] Programmable Status Row Position and Address Registers 
C Bidirectional Partial or Full Page Smooth Scroll 
C) Attribute Assemble Mode 
() Double Height Data Row Mode 
C2 Double Width Data Row Mode 
C] Programmable DMA Burst Mode 
L] Configurable with a Variety of Memory Contention 
Arrangements 
L] Light Pen Register 
C] Cursor Horizontal and Vertical Position Registers 
] Maskable Processor Interrupt Line 
LI Internal Status Register 
L] Three-state Video Memory Address Bus 
CL] Partial or Full Page Blank Capability 
C] Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 





PIN CONFIGURATION 


40 GND 

39 VAQ 

38 VA1 

37 VA8 

36 VAO 

35 CBLANK 

34 CURS 

33 ACK/TSC 

32 CSYNC/LPSTB 

31 SLD/SLO 

30 SLG/SL1 

29 WBEN/SL2/CSYNC. 
28 DMAR/SL3/VBLANK 
27 INT 

26 RST 

2565S 

24 VDO 

23VD1 

22 VD2 

21 +5V 


C Ability to Delay Cursor and Blanking with respect to 
Active Video 

C] Programmable for Horizontal Split Screen Applications 

CO Graphics Compatible 

CO] Ability to Externally Sync each Raster Line, each Field 

C1 Single +5 Volt Power Supply a 

(TTL Compatible on All Inputs and Outputs 

LI VT-100 Compatible 

LJ RS-170 Interlaced Composite Sync Available 


GENERAL DESCRIPTION 


The CRT 9007 VPAC™ is a next generation video processor/ 
controller—an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 

In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, ascreen 
roll can be produced with a stable status row held at either the first 
or last data row position. 


In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are shaw accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 


The VPAC™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 

User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the “vital screen 
parameters”. 
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LIGHT PEN 
REGISTER 


COMPARE 


CSYNC/ 
LPSTB 


INTERNAL VIDEO f 4 [7 
ADDRESS REGISTER 


VA13-0 HS 
VS 


CBLANK 
TIMING INT 


AND 
7 REGISTER F SL3/DMAR/VBLANK 
> Eee [> SELECT CONTROL 


TSC/ACK 


SL2/WBEN/CSYNG 
SL1/SLG 

SLO/SLD 

VLT 

ORS 


FIGURE 1: CRT 9007 BLOCK DIAGRAM | 





DESCRIPTION OF PIN FUNCTIONS 


VA13-VAO 


Video Data 7-0 VD7-VDO 


i 
ae 
INT 


Eso Daa 


PROCESSOR INTERFACE: 


























These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
only. VA5-0 are bidirectional. 


—Double Row Buffer Configuration: 
VA13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 

—Single Row Buffer Configuration: 
VA13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 

~—Repetitive Memory Addressing Configuration: 
VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 


If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 


Bidirectional video data bus: during processor Read/write operations data is transferred via 
VD7-VDO when chip strobe (CS) is active. These lines are in their high impedance state 
when C$ is inactive. During CRT 9007 DMA operations, data from video memory is input via 
VD7-VDO when a new row table address is being retrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7-VD0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 


Input; this signal when active low, allows the processor to read or write internal CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 

latches the incoming data. Figure 2 shows all processor read/write timing. 
Input; this active low signal puts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section, Register 16 for the reset state definition. 
Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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16, 17, 18, 19, 
20, 22, 23, 24 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 
CRT INTERFACE: 


| PINNO. | NAME SYMBOL | FUNCTION 


11 Visible Line Time VLT Output; this signal is active high during all visible scan lines and during the horizontal trace 


times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 

_ 

_ 


Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 

Character Clock CCLK 

15 Data Row DRB 

Boundary 


the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
Cursor CURS 


coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 
Composite Blank | CBLANK 


9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next 
USER SELECTABLE PINS: (see Tables 4 and 5) 













































































nal is active for 2 consecutive CCLK’s in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 


CURS is also used to signal either a double height or double width data row by becoming 

active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 


Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 



















































































proper value. Figures 4 and 5 illustrate the serial scan line timing. 
Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 
Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 








leading edge of horizontal sync (HS). 

Open drain output; this signal determines the horizontal position of displayed text by initiating 
a horizontal retrace. Its position and pulse width are user programmable. During hardware 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal syne on 
the next character clock (CCLK). 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 

Output; this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VA0) for single row buffer operation. 
Output; this signal marks the cursor position on the screen as specified by the horizontal and 
position for all scan lines within the data row. For double height or width characters, this sig- 
| PINNO. [NAME SYMBOL | FUNCTION 
28, 29, 30, 31 | Scan Line 3- SL3-SLO Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
Scan Line 0 to the character generator the current scan line. These signals continue to be updated 

bits respectively. 
Output; this signal is the DMA request issued by the CRT 9007. It will only become active if 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 

Vertical Blank VBLANK Output; this signal is active high only during the vertical retrace period. 

Write Buffer WBEN Output; this active high signal is used to gate the clock feeding the write buffer in a double 

Enable row buffer configuration. 

29 or 32 Composite Sync CSYNC Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 
i 

and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan line 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 

The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
in interlace or double height character mode to allow the scan line count to be adjusted to its 

Light Pen Strobe LPSTB 

33 Acknowledge ACK 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 

9007 will not shut down in a predictable amount of time. 


and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
edge) at the top scan line of each new data row. This signal can be used to swap buffers In 
vertical cursor registers. The signal is active for one character time at the particular character 
during the vertical retrace interval. SL3 and SLO are the most and least significant 

Direct Memory DMAR 

Access Request 
DMA operation. 

Scan Line Gate Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK’s 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 

Three State Input; this signal, when active low, places VA13-VA0 in their high impedance state. 

Control 
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OPERATION MODES 


Single Row Buffer Operation 


The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 


sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1)/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Singie Row Buffer. 
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FIGURE 6: CRT9007 CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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Double Row Buffer Operation 


Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct me access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VA0 the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 
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DOUBLE 
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OIN7-8 


the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 


Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ- 
ing of the buffer can be clocked from a different and con- 
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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FIGURE 8: CRT9007 CONFIGURATION WITH DOUBLE ROW BUFFER 
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SECTION V 


Kel. REMAINDER OF DMA CYCLES 
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FIGURE 9: CRT 9007 DOUBLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 10: CRT 9007 CONFIGURATION FOR PROPORTIONAL CHARACTER DISPLAY 
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Repetitive Memory Addressing Operation 


In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 


PROCESSOR 


i 


VIDEO DATA 


| 


VPAG PROCESSOR PROCESSOR 


{DEO ADDRESS 


VIDEO 
RAM 
ADDRESS 


px 


and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 


INT 


HS 
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FIGURE 12: CRT 9007 REPETITIVE MEMORY ADDRESS TIMING (32 CHARACTERS PER DATA ROW) 
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SECTION V 





Attribute Assemble Operation 


This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri- 
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca- 
tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 


Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.” Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 


Memory Address (typ) Memory Data (8 bits) 


Attribute N 


Figure 13: Attribute Assemble Memory Organization 





“Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 


CRT 9007 can be programmed with about 5 more “dummy” data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 


accessed each data row and dynamic RAM refresh might fail. 


BIEKX1 6, 
pynamic “°° 


| 


WBEN DRB VLT 


f 


WEN TOG REN CLRCNT RCLK WCLK 


T 9212 


DIN7-°DOUBLE ROW BUFFER?0vT70 


(ATTRIBUTES) 


WEN TOG _REN CLRCNT RCLK WCLK 
CRT 9212 


OIN7-CDOUBLE ROW BUFFER®OUT7. 


(DISPLAY) aE 


a 


GND 


CRT 9007 


CBLA 
G 74378 i 
a | DATA _1Q 20 30 40 
CR 


DOT CLOCK 
GENERATOR 


TO 
MONITOR 


RO RI R2 AI CURSOR LD-SH AETBL VSYNC 


aa ATTRIBUTES 


CRT 8002 


VDAC 
CHARACTER/ATTRIBUTES 
GENERATOR 


FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 
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Smooth Scroll Operation 


Smooth scroll requires that all or a portion of the screen move 
up or down anintegral number of scan lines at atime. 2 user 
programmable registers allow one to define the “start data 
row’ and the ‘‘end data row” for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 


the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma- 
ble DMA CONTROL REGISTER (RA). 


in eprereraa) SO cae aaa oe 
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SECTION V 


ADDRESSING MODES 


Row Table Addressing 


In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli- 
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 


Contiguous Row Table Format 


In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 


Linked List Row Table Format 


In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row’s start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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FIGURE 16: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 





Row table address for second data row 


SSS SF 


[Set [8762 [eves [eyes] 000 [even] 
A SEY 


characters for first data row 


Row table address for third data row 


re. 


[eye [eve2] eyes] eyes] 000 [even] 
YY 


characters for second data row 


etc. 


FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 


Sequential Addressing 


In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 
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is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 


For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 


sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 


Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 


TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 
AUXILIARY ADDRESS REGISTER 2 
SEQUENTIAL BREAK REGISTER 1 
SEQUENTIAL BREAK REGISTER 2 


Data Row Address range 
1000 to 104 F 
1050 to 109F 
10A0 to 10EF 
2000 to 204F 
2050 to 209F 
20A0 to 20EF 
0800 to 084F 
0850 to O89F 
08A0 to O8EF 


(Break 1) 


(Break 2) 


Qo. 
1 
2 
3 
4 
5 
6 
7 
8 


Figure 18: Sequential Addressing Example 
: With Two Breaks 2 





Double Height/Width Operation 


When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 


1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 


2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 


3. For double height, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented every other scan 
line. 


The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS signal is activated 3 
CCLK’s after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK’s to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 


ADDR 
OPERATION : : Sone MODE 
MODE Row Driven (linked list 
or contiguous) Sequential 


Repetitive Memory |1CCLK after high byte }|1 CCLK after TSC 
Addressing of row table read leading edge 


1 CCLK after high byte |1 CCLK after TSC 
of row table read leading edge 


1 CCLK after high byte |1 CCLK after ACK 
of row table read leading edge 


Table 1: Double Height/Width CURS activation for top scan 
line of new data row. 





Single row buffer 


Double row buffer 





in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 


For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 


' function of the two most significant bits of the row table 


address (bits 15 and 14). 


—Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 


—Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 


—Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim-. 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(Nis the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
as and the top half of the data row appears in N scan 
ines. 


—Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)—Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1)/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can never stand alone andis assumed to follow a double 
height top data row. 


ADDRESSING MODE 


Row driven (linked list 
or contiguous) _ Sequential 


Repetitive Memory |atthe leading edge of at the leading edge of 
Addressing VLT VLT 


at the leading edge of 
VLT 











OPERATION 
MODE 




















at the leading edge of 
VLT 







Single row buffer 











1CCLK afterleading |1CCLK after leading 
Double row buffer [edge of CURS edge of CURS 


Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 
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SECTION V 


PROCESSOR ADDRESSABLE REGISTERS 


All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VAS5-O. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 


HORIZONTAL TIMING REGISTERS 


The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 


CHARACTERS PER HORIZONTAL PERIOD (RO) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 


total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 


CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char- 


acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus Ri represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1) where N is the displayable characters 
per data row. 


HORIZONTAL DELAY (R2) 


This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 


HORIZONTAL SYNC WIDTH (R3) 


This 8 bit write only register defines the horizontal syne width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed - 
contents of REGISTER @ rounded to the smallest even 
integer. 





VERTICAL TIMING REGISTERS 


The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 


VERTICAL SYNC WIDTH (R4) 


This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 


_ VERTICAL DELAY (R5) 


This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N-1) where N represents the time of the vertical delay. 


VISIBLE DATA ROWS PER FRAME (R7) 
This 8 bit write only register defines the number of data rows 


displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 


SCAN LINES PER DATA ROW (R8) 


The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data row greater than 16, 
only the serial scan line pin option (SLD, ) can be used. 


SCAN LINES PER VERTICAL PERIOD (R8; R9) 
Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least significant bits of the 11 bit pro- 
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 


-<—_———- ONE SCAN LINE——"_> 


— VLT | ACTIVE DISPLAY TIME | | 
HOR. sweti(i$NC IL 


FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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ONE COMPLETE FRAME —————> 
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VERT. BLANKING DATA ROW DISPLAY TIME | 
(NO SKEW) 


VERT. SYNC 


R4—> 


FIGURE 20: CRT 9007 VERTICAL TIMING 


PIN CONFIGURATION/SKEW BITS REGISTER (R6) 


This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 


Bit 7, 6 (Pin Configuration) 


These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
inthe CONTROL REGISTER bits 3, 2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 


Bits 5, 4, 3 (Cursor skew) 


These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 


REGISTER R6 BITS CRT 9007 PINNUMBER 


0 1 DMAR WBEN SLGSLD CSYNC ACK 
1 1 DMAR WBEN SLGSLD LPSTB ACK 
0 0 NOT PERMITTED 
1 0 NOT PERMITTED 


Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 















VLT signal is active for all characters within a data row and 
anon skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double heighi/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 


Bits 2, 1, 0 (Blank skew) 


These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2, 1 andO 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit 0 is the least significant bit). 


CRT 9007 PIN NUMBER 
29 30. (31 32 33 


SL3 SL2  SL1 SLO CSYNC TSC 
SL1 SLO LPSTB TSC 


SL3 SL2 
VBLANK CSYNC SLGSLD LPSTB TSC 


NOT PERMITTED 





Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 





DMA CONTROL REGISTER (RA) 


This 8 bit write only register allows the user to set up aDMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 


Bit 7 (DMA Disable) 


A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VAQ) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 


Bits 6, 5, 4 (DMA Burst Delay) 


These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N+ 1) clock cycles before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 


Bits 3, 2, 1,0 (DMA Burst Count) 


These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (iN + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1=4) and when pro- 
grammed with 1111 the maximum DMA Burst will occur 
(4 x 16=64). When bits 6, 5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 anda DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 


CONTROL REGISTER (RB) 


This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: 


Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
0 or SLG, SLD signals) allowing for a scroll on the 
screen of apredetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 


= 1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 


Bits 5, 4 (Interlace)—these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 


= 00; Non interlaced display 


= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 


= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 


= 01; This combination is not permitted. 


Bits 3, 2, 1 (Operation modes): These 3 bits define the var- 
ious buffer configuration modes as follows: 


= 000; (Repetitive memory addressing)—In this mode 
the address information (VA13-VAO) appears dur- 
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of anew data row. This period can be distinguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 


= 001; (Double row buffer)—In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 


CHARACTER 
SCAN LINE 


Even 
Field 


(a) NON-INTERLACE 


CHARACTER 
SCAN LINE 


(b) ENHANCED 
VIDEO INTERLACE 


row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer)—In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
lf the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in asequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 


= 111; (Attribute assemble)—-In the attribute assem- 
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 


All other combinations of the CONTROL REGIS- 
TER bits 3, 2, 1 are not permitted. 


Bit 0 (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 


= 1; (Single height cursor)—The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 


= 0; (Double height cursor)—If the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if itis placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 


CHARACTER 
SCAN LINE 


Field Field 


(c) NORMAL VIDEO 
INTERLACE 





FIGURE 21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RC AND RD) 


This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 


Register D bits 7, 6: 


= 00; (Sequential addressing mode)—The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-O and REGISTER C bits 7-0. One 
break is allowed in the sequential addressing scheme 
as defined by SEQUENTIAL BREAK REGISTER 1 
(R10) and AUXILIARY ADDRESS REGISTER 1 (RE 
and RF). 


= 01; (Sequential roll addressing mode)—The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 


= 10; (Contiguous row table mode)—The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 


= 11; (Linked list row table mode)—The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 


SEQUENTIAL BREAK REGISTER 1 (R10) 


This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 


DATA ROW START REGISTER (R11) 


This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 


begin. Bit 6 of the CONTROL REGISTER determines if a’ 


page blank or smooth scroll operation will occur. 


DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 


This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 


AUXILIARY ADDRESS REGISTER 1 (RE and RF) 


This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed in SEQUEN- 
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen- 
tial break. 


The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 


For Double row buffer or attribute assemble mode REG- 
ISTER F Bits 7, 6 


= 00; single height single width 
= 01; single height double width 
= 10; even data rows are double height double width 


top half odd data rows are double height double 
width bottom half 


= 11; odd data rows.are double height double width 
top half even data rows are double height dou- 
ble width bottom half 


For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 


= 00; single height single width 
= 01; single height double width 
10; odd data rows are double height double width 


top half even data rows are double height dou- 
ble width bottom half 


11; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 


Il 


defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 


AUXILIARY ADDRESS REGISTER 2(R13 and R14) 


This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 


START COMMAND (R15) 


After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. ASTART command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 


RESET COMMAND (R16) 


The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 

this software command will effect the CRT 9007 in an iden- 

ie manner. The reset state of the CRT 9007 is defined as 
ollows: 


CRT 9007 outputs Reset state 
VA13-0 High impedance 
VD7-0 High impedance 
HS High 

VS High 

CBLANK High 

CUS Low 

VLT Low 

DRB High 

INT Low 

Pin 28 Low 

Pin 29 Low 

Pin 30 Low 

Pin 31 Low 

Pin 32 Low 


SMOOTH SCROLL OFFSET REGISTER (R17) 


This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
inthe DATA ROW START REGISTER (R11). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 


The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from zero to twice the pro- 
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit O must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1, it is possible to have the bottom half 


of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 


VERTICAL CURSOR REGISTER (R18 or R38) 


This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register itis addressed 
as R18 and to read from this register it is addressed as R38. 


HORIZONTAL CURSOR REGISTER (R19 or R39) 


This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 


It should be noted that the vertical and horizontal! cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all-scroll 
operations. 


INTERRUPT ENABLE REGISTER (R1A) 


This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 


Bit 6 (Vertical retrace interrupt)—This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
avertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt)— This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 
other interrupts. 


Bit 0 (Frame timer)—This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 


STATUS REGISTER (R3A) 


This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
sor via the STATUS REGISTER. !f some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 


Bit 7 (Interrupt Pending)—This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 


Bit 6 (Vertical Retrace)—A logic 1 indicates that a vertical 
retrace interval has begun. 


Bit 5 (Light Pen Update)—A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char- 
acteristics. 


Bit 2 (odd/even)—For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and - eval zero when the field about be painted is an 
even field. 


TOTAL CHAR 
PER HOR. 


PROG 


ONE 
INTERLACED 


TWO 
INTERLACED 


Bit O (Frame timer occurred)—This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 


VERTICAL LIGHT PEN REGISTER (R3B) 


This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 


HORIZONTAL LIGHT PEN REGISTER (R3C) 


This 8 bit read only register contains the horizontal coordi- 
nate captured at the time the CRT 9007 received alight pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg: 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ..... 0... ccc ccc ccc eee eee eee e eee e eee e tte n eens tenn eeenereees 0° to + 70°C 
Storage Temperature Range : ov v0 sce ewe ieee a Uv be Ue ae bie eee Od ae aa e ee Cea tee — 55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.). 0... cence ene nee teen n eee e eee seen een neeteneaes + 325°C 
Positive Voltage on any Pin, with respect to ground... 2... ccc cece eee tee eet e eee e nents teenies +15V 
Negative Voltage on any Pin, with respect to Ground... 0... ccc cece reece nee e eee eee n ee ennees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL CHARACTERISTICS T, = 0°C to +70°C, Voc =5.0V+5% 
PARAMETER | MIN, | TYP | MAX | UNITS | COMMENTS 


Input voltage 
Vic Low 
Vins High. all inputs except CCLK 
Vino High CCLK input 
Output voltage 
Vor Low 0.4 lo. =1.6mA 
Vou High 2.4 v lon = 402A 
| Input leakage current 10 yA O0<VySVoc; excluding CCLK 
he 50 oA 0<Vw<Veo; for CCLK 


Input capacitance 
Cw 10 pF all inputs except CCLK 
Cine 25 pF CCLK input 

Power supply current 
lec 100 mA 


PARAMETER 








COMMENTS 















Clock 
tey clock period 250 ns 
tore clock low 90 ns 
tox clock high 130 ns 
texr clock rise time 10 ns mepeuied from 10% to 90% 
points 
tener clock fall time ns measured from 90% to 10% 


points 


measured to the 2.3V or 0.5V 
level on VA13-VAO 


valid for loading auxiliary 
address register 2 or the 
attribute latch 





Output delay' 

toy 

tog 

tos 

toa 

tva 

tosi 

tos 

tos 

tosy 

tvs 

ton Pi 

tvoo 

tsic 

tsuo 

: | 


c.=50pF 
Processor Read/write? 
tas 
tay 
tow 
teos 
teow 
teoa 140 
teou 50 
tian 400 
Miscellaneous timing 
tats 125 measured from the 0.4V level 
of ACK or TSC falling edge 
taw Atey measured from the 0.4V level 
falling edge to 0.4V level 
rising edge 


NOTE: 

1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V 
(high) or 0.4V (low) voltage level of the output unless otherwise noted. 

2. Reference points are 2.4V high and 0.4V low. 

3. Loading on all outputs is 30 pF except where noted. 
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VLT, WBEN 


DRB 


SL3-0 


CSYNC, DMAR, INT (veaoine Epce ony) 
CBLANK, CURS 


tvoo 
Z  ATTRIBUTEOR , t ATTRIBUTE 
ROW TABLE DATA IN t DATA OUT 


= {vos tvon 


> 
=z 
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FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 


ACK, TSC 


HIGH IMPEDANCE 
V07-0 (WRITE) ACTIVE g 
* 


VD7-0 (READ) 


INT (falling edge only) lars is ae directly from ACK or TSC or from the particular CCLK that ends a DMA 


FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS TIMING PARAMETERS 
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REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 


Register Type VA5 VA4 VA3 VA2 VAI VAO D7 «#206 ~=—DS isis Do re 
WRITE Ro 
ae es aa : 


PIN CONFIG- CURSOR SKEW BLANK SKEW 
WRITE URATION | msg LsB | MSB ___sB is 


WRITE alee ey rs MSB VISIBLE DATA ROWS PER FRAME LSB R7 
SCAN LINES/FRAME SCAN LINES PER DATA ROW 
WRITE (B10)) (B8) | MSB LSB R8 


WRITE SCAN LINES PER FRAME LSB (BO) RQ 


Table 3a: CRT 9007 Screen Format Registers 


REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 


(HEX) 
Register Type VA5 VA4 VA3  VA2_ VAI D5 D4 D3 D2 D1 


WRITE OMA BURST DELAY DMA BURST COUNT 
MSBA LsB LSB 


MSB 
INTERLACE 
OPERATION MODES 
WRITE MsB TABLE START REGISTER (LS BYTE) LSB 


ADDRESS 
WAITE i ABLE STAT REGISTER (MS BYTE) = 
Ware vse, AUXILIARY ADDRESS REGISTER 1(LSBYTE) op 


ROW 
WRITE ATTRIBUTES oe ADDRESS REGISTER 1 (MS re 
WRITE MSB SEQUENTIAL BREAK REGISTER 1 LSB 
WRITE MsB DATA ROW START REGISTER Ls 


B 
WRITE Msp DATAROWEND/SEQUENTIAL BREAK REGISTER2 tog 


Ware Msp. AUXILIARY ADDRESS REGISTER2(LSBYTE) gg 
ROW 
WAITE ATTRIBUTES| _,, AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 


Table 3b: Control and Memory Address Registers 


REGISTER 
ADDRESS DECODE BIT DEFINITION NUMBER 


(HEX) 
Register Type VAS VA4 VA3 VA2 VA1_ VAO 


D7 06 O05 D4 03 D2 01 00 
READ OR 
WRITE START COMMAND R15 
WRITE RESET COMMAND R16 


WRITE OFFSET VALUE R17 
Li 


SB 
WRITE a Lo | 9. 
VERTI R ORD. 
READ ee ERTICAL CURSOR REGISTER (ROWCOORD.) aiageeie 
WRITE 
HORIZONTAL CURSOR REGISTER (COL. COORD. 
READ [ar | 1 | |_MsB 188 R19 or R39 


WRITE 


R 
x 
Msp , VERTICALLIGHT PEN REGISTER (ROWCOORD.) gp 
gp , HORIZONTAL LIGHT PEN REGISTER (COL.COORD.) op 


Table 3c: Cursor, Light Pen, Offset, and Status Registers 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CO 0) : tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35 Marcus Blvd. Hauppauge. NY 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(5161 273-3100 TWx-510-227-8898_Gevices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS CRT 96364 A 
a CRT 96364 B 


[LPC FAMILY 


CRT Controller 


FEATURES PIN CONFIGURATION 


OI Single + 5v power supply 

DH 16 line x 64 character display 

O On chip sync oscillator 

1) Complete cursor contro! 

1 Automatic scrolling 

C Erase functions builtin 

Cj Performs character entry during horizontal sync 
C] Internal blinking cursor 

Co Page linking logic builtin 

CI LS-TTL compatible 

CU Compatible with CRT 8002, CRT 7004 





1 
2 
3 
4 
5 
6 
7 
8 
9 





> 
. =z 
The CRT 96364A/B is a CRT Controller which Standard functions such as ERASE PAGE, ERASE re 
controls all of the functions associated witha LINE, and ERASE TO END OF LINE make the CRT 
16 line x 64 character video display. Functions 96364 A/B easy to interface to any computer or 
include CRT refresh, character entry, andcursor microprocessor, or to use as a stand-alone 
management. video processor. 


The CRT 96364A/B contains an internal oscillator 

which produces the composite sync output. The The CRT 96364A/B requires only + 5v power at 

CRT 96364 B generates a 60 Hz vertical sync while less than 100 mA. It is manufactured in COPLAMOS® 
the CRT 96364A generates a 50 Hzverticalsync. | Nchannel silicon gate technology. 


PAGE END 


CHARACTER 
ENTRY 
LOGIC 


CURSOR CHARACTER 
COMPARATOR COINCIDENCE ENTRY POINTER 


ADDRESS 
BUFFERS 


ADDRESS OUTPUT 
BUFFERS BUFFERS 





DESCRIPTION OF PIN FUNCTIONS 


es NAME SYMBOL FUNCTION 


Crystal in Pin one is the sync clock input. It may be driven directly from a TTL 
; Crystal out i gate or from a parallel mode crystal connected between pins one 
and two. When a crystal is used, a 10 MQ resistor should be 
connected in parallel. For standard 60 Hz line operation, a 1.018 MHz 
frequency source or crystal is required (with the CRT 96364 B). For 
50 Hz line operation, the CRT 96364A requires a 1.008 MHz crystal. 
Page Select 
are used. A ‘‘zero” output indicates selection of page 1; a logic “‘one”’ 
indicates page 2. 
4-8 Memory A9-A5 Upper order memory address lines; A6-A9 determine which lines of 
Address text are being refreshed or written. A5 along with AS-A4 determine 
the character position. 
Character DCC Character clock input. Addresses are changed on the trailing edge 
Clock of DCC. 
10 Dot Clock DCE A logic zero from DCE is used to inhibit oscillation of the dot clock 
Enable for retrace blanking. 

11-13 Row Address R9-R2 Character Generator row addresses. Blanks are generated by forcing 
R@-R2 to “000”. During character entry, R2 gates data into memory 
to control the erase function. Row addressing follows the sequence 
0-1-2-3-4-5-6-7-0-0-0-0-increment text line-0-1-2-etc. 


Sn 
15 Cursor CRV Cursor video output. Indicates cursor location by a 2 Hz 
blinking underline. 
16 Data Strobe The rising edge of DS strobes the appropriate C-C2 control word 
into the CRT 96364A/B. 


Write A positive going signal which indicates that the CRT 96364A/B is 
allowing a memory write. W is approximately 4 us, and occurs 
during H sync. Memory address lines are Jatched at the cursor 
address during W. 


18-22 Memory AQ-A4 Lower order memory addresses. AQ@-A4 plus A5 (pin 8) determine the 
Address character position. 


23-25 Command CO-C2 Command inputs are strobed into the CRT 96364A/B by DS. Functions 
Inputs are as follows: 
Function 
Page erase and cursor home (top-left) 
Erase to end of line and return cursor (to left) 
Line feed (cursor down) 
No operation” 
Cursor left (one position) 
Erasure of cursor-line 
Cursor up (one position) 
Normal character. Write signal is generated 
and cursor position is incremented 
* In order to suppress non-displayed characters 


Composite CSYN Positive logic composite sync output. Horizontal sync is generated 
Sync during VSYNC and VSYNC time. A vertical sync output may be 
End of | This output is used to increment an external page counter when 
using more than one page of memory. 


generated by logically “ANDing” CSYN and DCE. 
iene | Power Supply, + 5 volt supply. 





















PS provides automatic page selection when two pages of memory 
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OPERATION 


The CRT 96364A/B provides all of the control 
functions required by a CRT display with a 
minimum of external circuitry. 


The cursor and erase commands may be de- 
coded from the data bus by a low cost 256 x 4 
PROM. The CRT 96364A/B then provides the 
necessary cursor movement and gates the 
memory for writing or erasing. Erase is con- 
trolled by providing a write signal to RAM, and 


gating ‘‘zeros” to the RAM input bus. Use of an 
external PROM allows user selection of con- 
trol words. 


The RAM write command, “W’’, is generated 
during horizontal retrace. At this time, the RAM 
address is set to the cursor address. Immedi- 
ately following the write command, the RAM 
addresses revert to refresh addressing and 
the cursor is shifted one character. 


CURSOR 


The cursor location is indicated by an alter- 
nating high on pin 15 (CRV) at row 7, and a low 


on pin 15 with R@-R2 forced low at rows 0-6. 
These alternate at a 2 Hz rate. If CRV is used to 


force the display on, the result will be a blink 
of the cursor character position alternating with 
an underline at a 2 Hz rate. 


CHARACTER ENTRY 


When a Normal Character code (C2, C1, Cd = 1, 
1, 1) and a Data Strobe are received, the write 
command will be generated during horizontal 
retrace. If, at the end of the horizontal retrace, 
the cursor is at the last position on a line, a car- 


riage return and fine feed will automatically 
occur. When the cursor is at the last position 
of the last line, a carriage return and up-scroll 
will automatically occur. 


EXTRA FUNCTIONS 


By using the fourth bit of the decoder PROM as 
a write enable signal, and properly program- 
ming the PROM, the additional commands of 
Home Cursor, Return Cursor, and Roll Screen 
may be generated. This is done by inhibiting tne 


W signal to the page memory and inputting the 
control! codes, respectively, of Page Erase and 
Home Cursor, Erase to end of line and Return 
Cursor, and Line Feed. 


SCROLLING 


Scrolling of the screen text will occur under 
any of the following characteristics: 

1. Inputting a line feed command when the 

cursor is at the bottom line of the screen. 

2. Inputting a character when the cursor is 

at the bottom right hand side of the screen. 

Scrolling will result in the entire top line of the 


screen being erased and all of the remaining 
lines shifting up. Alternatively, a Roll (defined 
as all of the lines shifting up with the previ- 
ous top line reappearing at the bottom of the 
screen) may be performed by inhibiting the 
write signal to the page memory as described 
in “Extra Functions.” 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... 0... e eben net eens O°C to + 70°C 


slorage Temperature: Range etsy otek tice i uisg i bred ertia dos ate bg le SAEs waa op eae s Phaule bad ~ 55°C to + 150°C 
Lead Temperature (soldering, 10 S@C.) 0... cc tn ete cnn ee ten eee nnn eens +325°C 
Positive Voltage on any Pin, with respect to ground ..... 2... tent eee nes +7.0V 
Negative Voltage on any Pin, with respect to ground .... 10... ett e tne e eens -0.3V 


“Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta--0°C to 70°C, Vec= +5V+5%o, unless otherwise noted 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS (except DCC) 





Low-level, Vi, : 0.65 Vv excluding DCC 

High-level, V,,, 2.2 V excluding DCC 
INPUT VOLTAGE LEVELS—DCC 

Low-level, Vj, 0.65 V 

High-level, Vi, 3.5 Vv 
OUTPUT VOLTAGE LEVELS (DCE Only) 

Low-level, Vo. 0.4 V low = 1 9 mA 

High-level, Voy, 2.2 V lou = —100 uA 
OUTPUT VOLTAGE LEVELS (except DCE) 

Low-level, Vo 0.4 V lo, = 0.36 mA 

High-level, Vox 2.2 Vv Jon =—100 vA 
INPUT CURRENT 

Low-level, In 10 pA 0=Vn=t+5V 
INPUT CAPACITANCE 

All inputs, Cin (except DCE) 5 pF Vin=GND 

Cin (DCC Only) 25 pF Vin=GND 
POWER SUPPLY CURRENT 

lec 100 120 mA 












AC CHARACTERISTICS 











































































_ Frequency of control clock DCC Ce icc ee Mhz 
eevee et eT 
7 CRT 96364B fy 1,018 MHz. 
ee al ns 
BS WE 
| Refresh memory addressaccesstime | ten | | 200 | 80 | is 

| Character memoryaddressaccesstime | tery | | 200 a 
| PSaccesstime(read) | tess tf 800 
| CRVaccesstime te eo 
_ DCE access time (high to low) Co be | ito 
_SYNC period sie eee ees Sime ane 
SYNC pulse width _ oe tn ee 
DCE access time (low to high level) lee te le 
EOP access time (high to low level) A ee 
W.access time (low to high) = B00 | 
Woulsewidth _ et ae 
EOP pulse width — aoe oo ie 
Address to rising edge of DCE dela sl 0 
Falling edge of DCE to Address delay 10 
_Row to rising edge of DCE delay | PO | oo et 
_ Falling edge of DCE to row delay | PO 1. 
_ PS torisingedge of DCE delay | 0° Se o 


LINE TIMING 


DCC 
(DISPLAY POSITION IN PARENTHESES) 


DCE 


AQ-AS om 
(CHARACTER ADDRESS) al 


A6-A9 
(LINE ADDRESS) 


tro 


(@ X_3) Xt) 


CRV 


Rd, R1 


R2 


— BLANK PERIOD DISPLAY PERIOD: 


> 
z 
<=) 
=_— 
o 
uu 
72) 





SYNC TIMING 
—| tr |~———t.——+ 
| iP [-t 


top 
ta 


FRAME TIMING 


COVA; see I a a ee ee 
ee PE Le 
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DATA INPUT TIMING 


Asynchronous Operation 








|C@-C2HoldTime  —  —“‘;‘CSCSC*é*dr:CCéitKsce’s—=CSsCsdT«C CY 
Minimum Strobe Period 
(Operation Execution Time) 

FUNCTION C2 Ci cH 

Page Erase & Cursor Home 0 0 0 132 
Erase to End of Line & Return Cursor 0 0 1 4.2 
Line Feed (Cursor Down) 0 1 0 130* 
No Operation 0 1 1 80 
Cursor Left 1 ° 0 0 80 
Erasure of Cursor Line 1 0 1 8.3 
Cursor Up 1 1 0 80 
Normal Character 1 1 1 130* 


*Will increase to 8.3 ms when text scroll occurs. See “Scrolling” for conditions. 


Synchronous Operation 


Minimum Strobe Period 
(Operation Execution Time) 








FUNCTION c2 ci C@ 
Page Erase & Cursor Home 0 0 0 ms 
Erase to End of Line & Return Cursor 0 0 1 ms 
Line Feed (Cursor Down) 0 1 0 US 
No Operation 0 1 1 US 
Cursor Left 1 0 0 us 
Erasure of Cursor Line 1 0 1 ms 
Cursor Up 1 1 0 us 
Normal Character 1 1 1 us 


*Will increase to 8.3 ms when text scroll occurs. See “Scrolling” for conditions. 


DATA INPUT TIMING 
ASYNCHRONOUS OPERATION 
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MULTIPLE PAGE DISPLAY 


When linking two or more pages, the 
EOP and PS signals may be used to 
allow a “moving window” text display. 


PS (Page Select) indicates the end of 
page location. If ascroll has occurred, 
PS will show the transition from the 
end of line 15 of page P and the begin- 
ning of line O of page P + 1. 


Display Area 0O 


i- PS 
line 14 | 
line 15 | PageP 
line 0 
line 1 Page P+1 
line 2 


t 


To properly maintain the memory 
address when displaying more than 
two pages, EOP pulses low at the 
point in time when page P is scrolled 
completely off the screen. At this time, 
PS will remain low for the entire frame 
since page P + 1 is now the only 
displayed page. 

The circuit at the right will allow 
scrolling through 4 pages of memory. 


TYPICAL SYSTEM APPLICATION 


DATA BUS 


TO 4K RAM 


Ag 
A8& 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
Ag 


COMMAND 


DS DCE 


DOT RATE 
OSCILLATOR 
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4 PAGE DISPLAY 





CRT 96364A/B 


MEMORY 
ERASE 
GATING 


ENABLE 


ADVANCE PAGE 
(NEGATIVE PULSE) 


DECREMENT PAGE 
(NEGATIVE PULSE) 


QB 
QA 
74LS193 


Clear 
Load 





SECTION V 


CRT 96364 A/B 


CHARACTER CLK 





ADD MEMORY 


DATA OUT 


DATA IN 
LATCH 
DATA OUT 


CHARACTER SELECT 


CHARACTER 
ROW GENERATOR 


DOT PATTERN OUT 


PARALLEL DATA IN 
LO P/S REGISTER 
CLK SERIAL DATA OUT 


COMPOSITE 
VIDEO 
OUTPUT 


STANDARD MICROSYSTEMS 
CORPORATION 


3S Marcus Bivd., Hauppauge. N.Y. 11788 
{516} 273-3100 - TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 





CRT96364B 
74LS161 
74LS92 
74LS174 
RO-3-2513 
74LS165 


2102AL-4 


CRT 96364B 
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APPLICATION EXAMPLE 
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16 
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oe 
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DOT CLK 


KE 
io 


1 


Ltt 
2212019 18 


15 13121 


CRT 963648 
IC6 
9 
4 40 7 12 
74LS161 
1C7 
23345 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


CORPORATION ————— CRT 8002 
———+ 


[LPC FAMILY 


CRT Video Display Attributes Controller 
Video Generator 
VDAC™ 


FEATURES PIN CONFIGURATION 
CZ On chip character generator (mask programmable) VIDEO RETBL 
128 Characters (alphanumeric and graphic) LD/SH CURSOR 
7X11 Dot matrix block VDC Msg 
1 On chip video shift register AQ MS1 
Maximum shift register frequency At BLINK 
CRT 8002A 20MHz 
CRT 8002B = 15MHz ae MSNG 
CRT 8002C 10MHz AS CHABL 
Access time 400ns A4 REVID 
O On chip horizontal and vertical retrace video blanking A5 UNDLN 
LC No descender circuitry required AG STKRU 
Cj) Four modes of operation (intermixable) A7 ATTBE 


Internal character generator (ROM) 
Wide graphics 

Thin graphics 

External inputs (fonts/dot graphics) 

C] On chip attribute logic—character, field 

Reverse video 

Character blank 

Character blink 


Vee 12 (J GND 
R2 13 C4 Rp 
R3 14C4 Ri 





CO Subscriptable 

(1 Expandable character set 
External fonts 
Alphanumeric and graphic 


Underline RAM, ROM, and PROM 
Strike-thru 1 Onchip address buffer 

C) Four on chip cursor modes — On chip attribute buffer 
Underline 


1 +5 volt operation 

C1 TTL compatible 

—1 MOS N-channel silicon-gate COPLAMOS® process 
C1 CLASP® technology—ROM and options 

Cj Compatible with CRT 5027 VTAC® 


Blinking underline 
Reverse video 
Blinking reverse video 


1] Programmable character blink rate 
C Programmable cursor blink rate 


General Description 


The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC is a companion 
chip to SMC’s CRT 5027 VTAC®. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 


The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func- 
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15 Hz to 2 Hz blink 
rate. 


The CRT 8002 attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con- 
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 


In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby provid- 
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 


The thin graphic mode enables the user to create sin-' 


gle line drawings and forms. 


The external mode enables the user to extend the on- 

chip ROM character set and/or the on-chip graphics 

capabilities by inserting external symbols. These ex- 

PEON symbols can come from either RAM, ROM or 
OM. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ 0. cece eee eee tent e een eect bbe eens o°C to + 70°C 
Storage Temperature Range .......... cece cece ce tenet eee eee teen ee tetees ~§5°C to + 150°C 
Lead Temperature (soldering, 10SEC.) .. 6. ce enn eee teen eee e eee een n eee ees +325°C 
Positive Voltage on any Pin, with respect to ground ......... cece ccc nee eee eee et nnneeeneee +8.0V 
Negative Voltage on any Pin, with respect to ground .... 1... ee ee cc ete ene e nent en eeeees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘“‘glitches”’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Low-level, Vit 0.8 V excluding VDC 

High-level, Viy 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 

Low-level, Vi 0.8 V 

High-level, Viy 4.3 V See Figure 6 
OUTPUT VOLTAGE LEVELS 

Low-level, Vo. 0.4 V lop = 0.4 mA, 74LSXX load 

High-level, Voy 2.4 Vv lon = —20nA 
INPUT CURRENT 

Leakage, I, (Except CLOCK) 10 HA | 0SVin<Vec 

Leakage, I, (CLOCK Only) 50 uA 0<Vin=Vec 
INPUT CAPACITANCE 

Data__ 10 pF @ 1MHz 

LD/SH 20 pF @ 1 MHz 

CLOCK 25 pF @ 1 MHz 
POWER SUPPLY CURRENT 

lee 100 mA 


A.C. CHARACTERISTICS 
See Figure 6, 7 





ROW ADDRESS 
R8-R3 


BLOCK DIAGRAM | | 


STRIKE-THRU 
SELECT LINE 
DECODER 


UNDERLINE GRAPHIC 
ADDRESS/DATA , Ag SELECT LOGIC 
INPUTS A7 /| ADDRESS/ 
DATA 
CURSOR LATCH 
RETRACE BLANK BEeSCER > 7x11%128 


ATTRIBUTE ENABLE 


MODE SELECT # 
MODE SELECT 1 


REVERSE VIDEO 

CHARACTER BLANK 

UNDERLINE ATTRIBUTE 
LOGIC 


BLINK 


STRIKE THRU 


VIDEO DOT CLOCK REGISTER 
LOAD/SHIFT 8 BIT 


SECTION V 


ALL INPUTS __ 
(except VDC, LD/SH) 


VIDEO 
OUTPUT 


FIGURE 7 
AC TIMING DIAGRAM 
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1 VIDEO Video Output 0 


DESCRIPTION OF PIN FUNCTIONS 


a INPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


2 LD/SH Load/Shift I 


3 
4-11 


12 


The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 

In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R8) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and CG to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID), It is followed 
by C6, C5, through Cg. 

The timing of the Load/Shift pulse will determine the number of additional 
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character’s row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 

The 8 bit shift register parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During paralle! loading, seria! data flow 
is inhibited. The Address/Data inputs (Ag-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


VideoDotClock | |_| Frequency at which video is shifted. 


Address/Data 





In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded 
to address one of the 128 available characters (A7=X). In the External Mode, 
AQ-A7 is used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes AQ@-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is 
used to define the 3 line segments. 





PowerSupply | PS _ | +5 volt power supply 


13,14,15,16/R2,R3,R1,R0| RowAddress [1 [These 4 binary inpyts define the row address in the current character block. 


Ground 
! 


Attribute Enable 


17 
18 


19 


20 


21 


22 


23 


24 


25 
26 





STKRU Strike-Thru 








UNDLN Underline 


REVID Reverse Video 


CHABL Character Blank 
V SYNC V SYNC 


BLINK Blink 


MSi1 Mode Select 1 
MS# Mode Select 9 





Alphanumeric 


Thin Graphics 
External Mode 
Wide Graphics 





A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select 6, and Mode Select 1 inputs 
to be strobed_ into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. ; 

When this input is high and RETBL=0, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be a double line on rows R5 and R6. 


When this input is high and RETBL=0, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block, The standard under- 
line will be a single line on R11. 


When this input is low and RETBL =0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


When this input is high, the parallel inputs to the shift register are all set low, 

providing a blank character line segment. Character blank will override blink. 

ue Sa of Character Blank is modified by the Reverse Video input. 
ee table 1. 


This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(+ 8to + 60 for the character). 


When this input is high and RETBL=0 and CHABL=0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 


These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode — In this mode addresses A@-A6 (A7=X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 
Thin Graphics Mode—In this mode A@-A2 (A3-A7=X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 


238 





NPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


External Mode —In this mode the inputs AG-A7 go directly from the 

6 character latch into the shift register via the attribute logic. Thus the user 

(cont.) may define external character fonts or graphic entities in an external 
PROM. ROM or RAM. See figure 3. 
Wide Graphics Mode—In this mode the inputs Ag-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R@ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 

These 4 modes can be intermixed on a per character basis. 

27 CURSOR | Cursor When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 

Underline—in this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 

Blinking Underline—In this mode the underline blinks at the cursor rate. 
Reverse Video Block—In this mode the Character Block is set to reverse 
video. 

Blinking Reverse Video Block—In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 

The cursor functions are listed in table 1. 


28 RETBL Retrace Blank When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/ Se ft pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 








er 1 
* => 
CURSOR CHABL | UNDLN FUNCTION = 
X 1 x X X “0” S.R. All = 
0 0 0 0 0 D  (§.R.) All o 
0 0 0 0 1 “4 (S,R.)* “” 
D_ (S.R.) All others 
0 0 0 1 X “QO” (S.R.) All 
0 0 1 0 0 D_ (S.R.) All 
0 0 1 0 1 “0” (S.R.)* 
D  (S.R.) All others 
0 0 1 1 X “47? (S.R.) All 
Underline* 0 0 0 X “477 (S.R.)* 
. D_ (S.R.) All others 
Underline’ 0 0 1 X “4” (S.R.)* 
“QO” (S.R.) All others 
Underline” 0 1 0 X “Q” - (S.R.)* 
(S.R.) All others 
Underline* 0 1 1 X “9” = (S.R.)* 
“4” (S.R.) All others 
Blinking** Underline” 0 0 0 X “4” (S.R.)* Blinking 
D  (S.R.) All others 
Blinking” * Underline” 0 0 1 xX “4” (S.R.)* Blinking 
“9” (S.R.) All others 
Blinking* * Underline* 0 1 0 X “Qo” (S.R.)* Blinking 
D_ (S.R.) All others 
Blinking** Underline* 0 1 1 X “QO” (S.R.)* Blinking 
“4” (S.R.) All others 
REVID Black 0 0 0 0 D_ (S.R.) All 
REVID Block 0 0 0 1 “Oo” (S.R.)* 
D (S.R.) Al others 
REVID Block 0 0 1 X “4” (S.R.) All 
REVID Block 0 0 0 4 “Qo” (S.R.)* 
D = (S.R.) All others 
REVID Block 0 1 0 0 D_ (S.R.) All 
REVID Block 0 1 0 1 4” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1. 1 X “0” (S;R.) All 
Blink** REVID Block 0 0 0° 0 
Blink** REVID Block 0 0 0 1 
Blink** REVID Block 0 0 1 X Alternate Normal Video/REVID 
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink* * REVID Block 0 1 0 1. 
Blink* * REVID Block 0 1 1 X 


*AtSelectedRow Decode **AtCursor Blink Rate 
Note: lf Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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ROM CHARACTER BLOCK FORMAT 
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0 oO 0 
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0 
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oo 8 
oOo Oo 2 
Oo oO Oo 
oOo Oo 
oOo oO 8 
Oo oO O&O 





(ALL ZEROS) 


77 BITS 
(7x11 ROM) 


VDC TIMING) 


NUMBER CONTROLLED 


EXTENDED ZEROS (BACK FILL) 
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( 

BY LD/SH 


ING 
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oO 
— weedy 
co 0/8 
cool$ Ss 
00/8 
oo] 8 
oo/§ 
id 
O 
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COLUMN 7 IS SHIFTED OUT FIRST 
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*COLUMN 7 IS ALL ZEROS (REVID = 
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CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 


WIDE GRAPHICS MODE 
SBITS** NBITS** MS8=68 MS1=6 


ROW ADDRESS | 
0000 


3 LINES* 
3 LINES 
3 LINES 


3 LINES 


*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VOC TIMING 


EXAMPLE: 10010110 


NOTE: Unselected raster line rows 
are always filled with ones. 


BF = back fill 


FIGURE 2 


THIN GRAPHICS MODE 
MS#=68 MS1=1 C7 C6 C5 C4 C3 C2 C1 CP BF BF... 


Re 
R1 
R2 
R3 
R4 
RS 
R6 
R7 
R8& 
RQ 


SECTION V 


—, PROGRAMMABLE 
ROW 


NOTE: When A1 =''1"", the underline 
X=DON'T CARE row/rows are deleted. 


* THE INSIDE SEGMENT IS MASK PROGRAMMABLE When A1=“'0", the underline, 
TO ROW 0000 if selected, will appear. 


* LENGTH DETERMINED BY LD/5H, VDC TIMING BF =back fill 


FIGURE 3 
EXTERNAL MODE 
MS¢=1 MS1=6 


C7 C6 C5 C4 C3 C2 C1 Ci BF BF 


wm [er] [s]™ [oss] 0] [a7 = 


BF =back fill 
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FIGURE 4 TYPICAL VIDEO OUTPUT 
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STANDARD MICROSYSTEMS 


CORPORATION 


CRT 8002-001 


(KATAKANA) 


CODING INFORMATION 
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When Al = “0"" the underline, 
if selected, will appear. 


row/rows are deleted. 
back fill 
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ATTRIBUTES 


The character blink rate will be 1.875 Hz 


Strike-Thru 
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THIN GRAPHICS MODE 
C7 C6 C5 C4 C3 C2 C1 CO BF 


Blink Rate 
The character blink rate is 1.875 Hz 


Strike-Thru 
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SIANDARD MICROSYSTEMS 


CORPORATION 


The strike-thru will be a single horizontal line at R4 


t 3.75 Hz 
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Cursor will be a reverse video block 
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ing reverse video block, 


Cursor will be a blink 
blinking at 3.75 Hz 


STANDARD MICROSYSTEMS 


CORPORATION ————— CRT 8002H 
—-~ ~— 


[LPC FAMILY 





CRT Video Display Attributes Controller 
Video Generator 
VDAC™ 


FEATURES PIN CONFIGURATION 
L] Onchip character generator (mask programmable) . VIDEO RETBL 
128 Characters (alphanumeric and graphic) LD/SH CURSOR 
7x 11 Dot matrix block voc Msg 
C1) Onchip video shift register Ag MS1 
Maximum shift register frequency 25 MHz 
; Al BLINK 
L] ROM Access time 310 ns as nepetre 
LJ On chip horizontal and vertical retrace video blanking 
L] No descender circuitry required sib e 
_] Four modes of operation (intermixable) pEvIE 
Internal character generator (ROM) AS UNDLN 
Wide graphics A6 STKRU = 
Thin graphics A7 ATTBE =) 
External inputs (fonts/dot graphics) Vee 12 GND 3 
C] On chip attribute logic—character, field R2 134 Rp ” 
Reverse video a3 140 RI 


Character blank 
Character blink 
Underline 
Strike-thru 
CL] On chip cursor 
CL] Programmable character blink rate 
C) Programmable cursor blink rate 
CL] Subscriptable 
C) Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 





C On chip address buffer 

L] On chip attribute buffer 

C] +5 volt operation 

L] TTL compatible 

L] N-channel COPLAMOS® Titanium 
Disilicide Process 

L] Compatible with CRT 5027/37 VTAC® 


General Description 


The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC’s CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 


The CRT 8002H video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 


The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 


and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 


In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature: Range: 2 ic sc occ daaes esa saw awee,: Hee eonigae Med adeeb aol is 0°C to + 70°C 
Storage Temperature Range ....... 0... eee een nes —55°C to + 150°C 
Lead Temperature (Soldering, 10 S€C.) . 66... een eer e eee etn een eens +325°C 
Positive Voltage on any Pin, with respect to ground... 0... eee ee een teens +8.0V 
Negative Voltage on any Pin, with respect to ground 2... eee cent eees -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or ‘‘glitches’”’ on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Low-level, Vi. 0.8 Vv excluding VDC 

High-level, Viy 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 

Low-level, Vi, 0.8 V 

High-level, Vj, 4.3 V See Figure 6 
OUTPUT VOLTAGE LEVELS 

Low-level, Vo. 0.4 V lo. =0.4 mA, 74LSXX load 

High-level, Vou 2.4 V lon = —20nA 
INPUT CURRENT 

Leakage, |, (Except CLOCk) 10 HA | 0<VinSVec 

Leakage, I, (CLOCK Only) 50 MA 0<Vin<Vec 
INPUT CAPACITANCE 

Data__ 10 pF @ 1MHz 

LD/SH 20 pF @ 1 MHz 

CLOCK 25 pF @ 1 MHz 
POWER SUPPLY CURRENT 

lee 100 mA 


A.C. CHARACTERISTICS 
See Figure 6, 7 





SYMBOL PARAMETER mn | MAX. UNITS 


VDC Video Dot Clock Frequency 1.0 25 MHz 








PWu VDC— High Time 11.0 ns 
PWL VDC—Low Time 11.0 ns 
tey LD/SH cycle time ns 











tset-up Input set-up time =0 ns 





tHop Input hold time 15 ns 


tepi, tepo Output propagation delay 15 27 ns 


LD/SH set-up time 5 ns 
LD/SH hold time 5 ns 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


1 VIDEO Video Output The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R@) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and Cg to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
; the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through Cg. 
The timing of the Load/Shift pulse will determine the number of additional 
(— —, zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 
When the next Load/Shift pulse appears the next character’s row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 


2 LD/SH Load/Shift The 8 bit ahitt realest parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A@-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


Video Dot Clock I Frequency at which video is shifted. 
AG-A7 Address/Data | In the Alphanumeric Mode the 7 bits on inputs (A@-A6) are internally decoded 


to address one of the 128 available characters (A7=X). In the External Mode, 
AG@-A7 is-used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes AQ-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A@-A2 is 
used to define the 3 line segments. 





Power Supply 


PS +5 volt power supply : 
| | | These 4 binary inputs define the row address in the current character block. 


| GND [| Ground GND_ | Ground 
ATTBE Attribute Enable I A positive level on this input enables data from the Reverse Video, Character 


STKRU 








Strike-Thru 





Underline 


Reverse Video 


Character Blank 


V SYNC 


Blink 


Mode Select 1 
Mode Select 


Alphanumeric 


Blank, Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs 
to be strobed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 

I When this input is high and RETBL=0, the paralle! inputs to the shift register 
are forced ‘high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 

| | thru will be a double line on rows R5 and R6. 


When this input is high and RETBL=0, the parallel inputs to the shift register 
are forced high (SR@-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal fines in the character block. The standard under- 
line will be a single line on R11. 





When this input is low and RETBL =O, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1, 


| When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 


I This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
+ 4to + 30 for the cursor(+ 8to + 60 for the character). 


l When this input is high and RETBL=0 and CHABL=0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 

I These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
| Alphanumeric Mode— In this mode addresses AG-A6 (A7=X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 





Thin Graphics Thin Graphics Mode—In this mode A@-A2 (A3-A7=X) will be loaded 


into the thin graphic logic along with the row addresses. This logic will 





External Mode define the segments of a graphic entity as defined in figure 2. The top of 
Wide Graphics the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
PIN NO. | SYMBOL NAME OUTPUT FUNCTION 


External Mode — In this mode the inputs AQ-A7 go directly from the 

6 character latch into the shift register via the attribute logic. Thus the user 

(cont.} may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 
Wide Graphics Mode—tn this mode the inputs AZ-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R@ to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 

These 4 modes can be intermixed on a per character basis. 

27 CURSOR | Cursor When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 

Underline—In this mode an underline (1 to N raster lines) at the programmed 
underline position occurs. 

Blinking Underline—In this mode the underline blinks at the cursor rate. 
Reverse Video Block—In this mode the Character Block is set to reverse 
video. 

Blinking Reverse Video Block—In this mode the Character Block is set to 
reverse video at the cursor blink rate. The Character Block will alternate 
between normal video and reverse video. 

The cursor functions are listed in table 1. 


28 RETBL Retrace Blank When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and !oaded into the shift register on the next 
oad / Shi ft pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 

















TABLE 1 
CURSOR RETBL REVID UNDLN* FUNCTION 
X 1 X xX X “0” = S.R. All 
0 0 0 0 D  (§.R.) All 
0 0 0 1 “4” (S.R.)* 
D  (S.R.) All others 
0 0 0 1 X “QO” = (S.R.) All 
0 0 1 0 0 D (S.R.) All 
0 0 1 0 1 “0” (S.R.)* 
D  (S.R.) All others 
0 0 1 1 X “4 (S.R.) All 
Underline* 0 0 0 X “4 (S.R.)* 
D (S.R.) All others 
Underline’ 0 0 1 X “7” (S.R.)* 
“QO” (S.R.) All others 
Underline” 0 1 0 X “0” (S.R.)* 
D_ (S.R.) All others 
Underline* 0 1 1 X “Qo” (S.R.)* 
“4” (S.R.) All others 
Blinking** Underline* 0 0 0 X “1” (S.R.)* Blinking 
(S.R.) All others 
Blinking** Underline* 0 0 1 X “1” ($.R.)* Blinking 
“0” (S.R.) All others 
Blinking* * Underline* 0 1 0 X “9” (S.R.)* Blinking 
D_ (S.R.) All others 
Blinking** Underline” 0 1 1 X “0” (S.R.)* Blinking 
“4” (§.R.) All others 
REVID Black 0 0 0 0 D  (S.R.) All 
REVID Block 0 0 0 1 “0” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 0 1 X “4” (S.R.) All 
REVID Block 0 0 0 1 “QO” (S.R.)* 
D  (S.R.) All others 
REVID Block 0 1 0 0 D  (S.R.) All 
REVID Block 0 1 0 1 “qt” (S.R.)* 
D (S.R.) All others 
REVID Block 0 1 1 X “O”  (S:R.) All 
Blink** REVID Block 0 0 0 0 
Blink** REVID Block 0 0 0 1 
Blink** REVID Block 0 0 1 X Alternate Normal Video/REVID 
Blink** REVID Block 0 1 0 0 At Cursor Blink Rate 
Blink** REVID Block 0 1 0 1 
Blink** REVID Block 0 1 1 X 


*AtSelected Row Decode **AtCursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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ooooggocnnd | ouoosoccoaU 
o900C0000000 } cocsoe05000 
jeooosccogo 


oonc@cooooea j cogoocooeng 
a0u0s000000 | Gooo00e000n0 





oo 
aaoo' 
garssannnnen | cooooce80no 


Oooso@cocdo | ooOooe000000 
qQeaeqcooancoo j sooooona0nNn 





oudooooseoo 
ocoooousoD 
@oucoocosooO 


OsoocoococoG 


@coooog0000 
@ooco000cc0 


ooo0g00gg00R 
joooogco0@co 
[ejal 








ocooocosco 
oaocoooces00 


sooooco0800 
gecoococoecc 
geooooo0go0e8co 


oo0000:.u8v0 
oooocs008aD 
oo00co00aoD 
gefeperetesetetet fete 


ooo0s80000000 
Ooso0000c00 
oscooo00cn00 


oosoococe00o 
oogsoocoo0ca 


ooogcoucc0o 
agbooooo0cc0 


oocooag: 
gpooooooo: 
ococo0o0' 


ocococos: 
ooooo0gD 


o 
o@cooco0cca: 


@soocoocoos 
eosocoocosa 
gBoceoooon: 


[efalejelelelelal 
oo0co00np! 


gocooaco000 
wooooccc0ca 


oo 
goocosou0000 
eeenseneaco 


oosseEssOBOO 
osoco008c00 


oaoao0000ca0 


ooooso00000 
goo 


eo! [ule] 
gsocaccooso0 
oogo0000000 
nooocoo0000 


ooooce090c0 
oooonocosco 


Ogocogooogg 
aqooos800s0n0 


acooo000000 
aoooo0000cg00 


ol 
s 
a 
a 





oooso 


e 
ao! 
fel 
fe 
fa} 


a 


osooso0s000 
ooscosoneco 
e0ooscd 

osoos8 
oos8scoss0B8cO 
e@coscoscond 
Osoosocoso000 









Ooagog0090a 
Ogpocooo0000 


ooooo000000 
oocoosooc000 


s 

@oooocccsecd 
ooooogc0000 
goooocoo0000 


DboooGoGo0000 
ooog000000R 
ooo00000000 
sescoessoocd 
Oogooo0cd0a 
Ooo0o0o000900 
Sooooooo00000 





oooocoo000000 
oooceo0n000 
soopoocosco 


oocoooco000 
je} 


oocooo0o00o 
ooooscoo000 
oop#@eqcooo0gD 
oooscoo0oc00 
Ooosooooo000 
ooooscoocoo 
ooossses8s°dn 





gooooco00000 





CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 


WIDE GRAPHICS MODE 


SBITS**_NBITS* MS8=9 MS1=6 


ROW ADDRESS 
0000 


3 LINES* 


3 LINES 


3 LINES 


3 LINES 


*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 


EXAMPLE: 10010110 


Yel 
YW: 


X=DON'T CARE 


Wu 
| C% 
| CG 


LL 
Wa 


FIGURE 2 


NOTE: Unselected raster line rows, 


are always filled with ones. 


BF =back fill 


THIN GRAPHICS MODE 


MS6=9 MS1=1 


— PROGRAMMABLE 
ROW 


* THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 


* LENGTH DETERMINED BY LD/S5H, VDC TIMING 


FIGURE 3 
EXTERNAL MODE 
MS#=1 MS1=6 


Re 
R1 
R2 
R3 
R4 
R5 


R6- 


R7 
R8 
RQ 


C7 C6 C5 C4 C3 C2 C1 


mw [er] [s] |] [ss] |e 
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C7 C6 C5 C4 C3 C2 C1 CM BF BF... 


NOTE: When A1 =‘‘1"" the underline 
row/rows are deleted. 
When A1=“‘0"," the underline, 
if selected, will appear. 


BF =back fill 


Cé BF BF 


BF = back fill 


SECTION V 





VDC 


LD/SH 


VIDEO DATA 
8 DOT FIELD 


VIDEO DATA 
9 DOT FIELD 





7404 C 7404 


VIDEO DOT 
CLOCK 













MICRO- 
PROCESSOR 












(FOR yP) 





FIGURE 6 


P EXTERNAL 





Aare RON [__ 


FIGURE 4 TYPICAL VIDEO OUTPUT 


Alphanumeric 


x =character number BF =back fill 


y =column number 






CHARACTER CLOCK HORIZ. SYNC 






DCC H SYNC 
















BI-DIRECTIONAL DATA BUS 





VERT. SYNC 






V SYNC 








COMPOSITE 
SYNC 


BLANKING 







Zo AG-3 C SYNC 
VTAC® 


CS = CRT5027 BL 
CRT 5037 VIDED 








YOLINOW LY9 OL 















CHARACTER 
ADDRESS 
BUS 













SELECTOR 
WITH 
OPTIONAL 










SV14 ¥OSEND 






DATA 
BUS 


ATTRIBUTES 
iy 










VDAC™ 
CRT 8002H 









VIDEO DOT 




















OUTPUT 
*2-PORT RAM 
1Kx8 TO 4Kx8 
reaae mae 
BUFFER DOT COUNTER CRT 5027 VTAC 
*OR 1 PORT RAM cH Perio CRT 8002 VDAC 
WITH BI-DIRECT CLOCK HP CONFIGURATION 


PORT 





VDC (to chip) 


LD/SH (to chip) 


LOAD/SHIFT exteanat 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
re hain Exif ny es assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(16) 273-3100 «Tax stb-227. 8038, Gevices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS CRT 7004 
SS [LPC FAMILY 


Dot Matrix Character Generator 


128 Characters of 7 x 11 Bits 


FEATURES 


CO ata a generator (mask programmable) 
aracters 
7x11 Dot matrix block PIN CONFIGURATION 
C—O) Onchip video shift register 
Maximum shift register frequency 
CRT 7004A 20MHz 
CRT 7004B 15MHz 
CRT 7004C 10MHz 
Access time 400ns 
CO) No descender circuitry required 
1 On chip cursor 
C1) On chip character address buffer 
C2 On chip line address buffer 
LO Single +5 volt power supply 
0 TTL compatible 
C1 MOS N-channel silicon-gate COPLAMOS® process 
0 CLASP® technology —ROM 
C Compatible with CRT 5027 VTAC® PACKAGE: 24-Pin D.LP. 
1 Enhanced version of CG5004L-1 


> 
=z 
= 
rong 
oO 
uw 
wn 





GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM 
SMC’s CRT 7004 is a high speed charac- 

ter generator with a high speed video 

shift register designed to display 128 Line Address 
characters ina7 x11 dot matrix. The Line Strobe a 

CRT 7004 is an enhanced, pin for pin 

compatible, version of SMC’s CG5004L-1. 
It is fabricated using SMC’s patented 

COPLAMOS® and CLASP® technologies Decoder 

and employs depletion mode loads, Address 


allowing operation from a single +5v SHORy 


supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is acompanion chip to Shae 
SMC’s CRT 5027 VTAC®. Together these Address 
two chips comprise the circuitry required | ; ower case 
for the display portion of a CRT video Inhibit 
terminal. Cursor 
care if 
Crock at 


Preset 


Clear 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ........ eee ee eee tee tne nett eee tenes o°Ccto + 70°C 
Storage Temperature: Range xssesc.cacecee sian forge Goad ie dee eS aS ow ed Deed ewes ~55°C to + 150°C 
Lead Temperature (soldering, 10SEC.) 06... ee eee nent eee tenet nee t een enne +325°C 
Positive Voltage on any Pin, with respect to ground ......... 0... ccc eee eee eee be eie da ge lal ho Meili +8.0V 
Negative Voltage on any Pin, with respect to Qround  ... 2. ene eee eee e ttn e eens —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Low-level, Vi. 0.8 V excluding VDC 
High-level, Vin 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vi, 0.8 V 
High-level, Vi, 4.3 V See AC Timing Diagram 
OUTPUT VOLTAGE LEVELS - 
Low-level, Vo. 0.4 V lop = 0.4 mA, 74LSXX load 
High-level, Vou 2.4 V lon = —20pnA 
INPUT CURRENT 
Leakage, I, 100 pA Vin = O, LS, AS. A1-A7, Cursor LCI 
10 pA O=Vin=Vee: All others 
INPUT CAPACITANCE 
Data 10 pF @ 1M#z . 
PE 20 pF @ 1MHz 
CLOCK 25 pF @ 1MHz 
POWER SUPPLY CURRENT 
lec 100 mA 













lotice: th hig 

8 Big 

<n emetric et cues Besa 
change 





Line strobe to PE high 


p40 
Rise, fall time ence 
PE set- cup time i te 

ie eens See 

[AS | Address strobe pulse wicth | 50 
ae 

ae 


















DESCRIPTION OF PIN FUNCTIONS 


PIN NO. FUNCTION 

i 

2 SO Serial Output The output of the dynamic shift register is clocked out 
on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 

3 +5 volt supply 

4 LS Line Strobe A positive pulse on this input enters data from the L1, 
L2, L4, L8 lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to Ve by an internal resistor. Data on the L1 to L8 
inputs is then entered directly into the register without 
any latching action. 

5 PRST A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 

6,8,9,10 L1, L2, Line Address . A binary number N, on these four inputs address the Nth 
L4,L8 line of the character font for N= 1—11. If lines 0, 12, 13, 
14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 

7 CLR Clear A high level on this input forces the last stage of the shift 
register and the serial output to a logic low and will be 
latched (for a character time) by PE. Clear overrides 
preset. 

11-17 A1-A7 Character Address The seven-bit word on these inputs is decoded internally 
to address one of the 128 available characters. 
18 LCI Lower Case Inhibit A high level on this input transforms the address of a 


lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 

A6 low whenever A7 and LCI are high. 

A positive pulse on this input enters data from the A1-A7, 
LCl and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Vec by an internal resistor. The data on the A1-A7, LCl 
and CUR inputs is then entered directly into the register 
without any latching action. 


20 CUR Cursor* A high level on this input causes the cursor pattern to be 
superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 11. 


21 CLK Frequency at which video (SO) is shifted. 





= 
o 
> 
¢)) 


z 


Address Strobe 





> 
=z 
=4 
rom 
o 
[VY 
” 








22 

23 Parallel Enable A high level on this input loads the word at the output of 
the ROM into the shift register. The PE input must then 
be brought low again to allow the shift register to clock 
out this word. 

24 | GND [Ground | Ground 


A1-A7, CUR, 
LC! ; 
0.8v 


She 


2.4v 


tser-ue 
SO (Video) 


0.4v 


too: ——+| 


troo 


AC TIMING DIAGRAM 
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ogs8cooo0c0000 oooo0c000s00 
oooo00e0s00 
pboosocoosoo 
ooooocec#ddo 
ogooco0c0#aa 
Doocooo000s00 
ooooco0o080oO OsocscsosoaEo 


ooposocoggo00 
oomoocoocon0 oo 


TO CRT MONITOR 


Cc 


gso0occoo00800 
900000000000 


SYN 
SYNC 


ogoo0oc000000 
ooo00c0g0g0000 


CURSOR FLAG 


oo 
ooo0000g0s800D 
Oo0000000000 | O00@8d000000 
00000000000 | 00mssssssoo 


oooogcdoo00g0 
pasaggeacos 


HORIZ 
VERT. 
COMPOSITE 
BLANKING 


100, 
obooooo000c0 
coooooob0c0 
odoDno00000000 


gooo0000gnanD | oc000000000 
ooo000c0000 
eoocooco0s00 


OUTPUT 


4 
RASTER 
SCAN 
COUNTER 


oo 
oooocoso000 Ooooco00000R 
joo000 oooggoc0000 


eo00800080CO j Cosooo0nnannd j c000a8000N00D ooocc0coc0ggo | g#g0000008c0 ocowscoocc#oo 

e00080C0s00 | om0000C00oN | OoOa#0s0RBEDooO ooooo00000N | soscoco00KecO QGOsscooosoD 

[alel ooso00 scooosecaog su00g! OO0cd | acoacoooecd Somoscooss0 
oooo00sos800 


CRT 5027 VTAC 
CRT 7004 VDAC 


uP CONFIGURATION 


ooss@ooq0000 


goooo0000000 | coo00gc0D00R oooco0000c0O ooo00000caqg00 
69000000000 | boo000cn000 ooooog000000 ogococo0R0000 
00008000000 gsoo00o000s0o0 oeeebaeeEs 


[= 
[el 


VIDEO DOT 
TIMING 
FROM 
DOT COUNTER 
OR 
CHARACTER 
CLOCK 


ADDRESS BUS 4 
DATA STROBE 
8 CHARACTER COLUMN 
6 CHARACTER ROW 


CHARACTER CLOCK 


US 


fosoooseaco 
oooooo00000 
ooocoo00000 


joqgqgoo | ooo0dag | 0000000 jo000 


CHARACTER 
ADDRESS 


B 


oaoooocoous0o 
oooo0008D00 


-DIRECT 


oooso008000 
cooosos8oo000 


moo | oOo000co;} co000ca | o00c000 | oon 


n 
pe) 
a 
< 
= 
< 
(=) 
4 
< 
Zz 
jo} 
= 
oO 
uw 
= 
oO 


I ADDRESS 
*OR 1 PORT RAM 


WITH BI 
0101 
fe] 
[s] 


MAPPING 
CIRCUIT 
(IF REQUIRED) 
PORT RAM 
FRAME 
BUFFER 


MEMORY 


o0c00008800 | Cosssssoon00 ooo0oceso0oo oOes#8seccan] scoocdoo00ca obogoco00000a 
aoaaee ioo00 ree eel Osoosooscoo Osocooosogo} #oQG0000000 oogooGu00B800 


BI 
SELECTOR 
WITH 
OPTIONAL 


CHARACTER 


2 
1Kx8 TO 4Kx8 


oosoo0oocao 
Qoooo00000G0 
odoo000000000 


Oo@ooos0000 
Qsoo0008Da0 


0011 


0010 


oooooocceeddo 
oooooc0sgsdd 
aoooco00a8ddo 


uP 
(TO UPDATE 
DATA IN RAM) 


ogooooc0o0d0n5} o0000000000 

coooo0og0000d | Gagoo000cn0 

pete fetereteraarset ee fefe ett tere 
aa 


V SYNC 

(FROM 5027) 

INTERRUPT 
TO 


ie} ao Fetet-fetet-telet feted 
oaooog000dg0 oso0000s8000 | COsocos08c0 
ooooo000000} c000000000G OOmseesooco | Oogosoocos000 


oooooocena000 
ooo00000000 
ooooo000c000 
gaoooc00000 
oooc0000cgngDo 
ooooo000000 
oaGooo00000 


DATA BUS 
ADDRESS BUS 
CONTROL BUS 


uP) 


VIDEO DOT 
CLOCK 
RAM & ROM 
(FOR 


MICRO- 
PROCESSOR 
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*CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
2 


123 4 5 6 7 1/8 2/1 


cur tel LLK_ LLL. LLL. CLL > 


PRESET | | | 
CLEAR | | 


7 DOT FIELD 


spor reo See eSbiol See eer 


BF = Back Fill 


TYPICAL VIDEO OUTPUT 


CLK (to chip) 


PE (to chip) 


LOAD/SHIFT exteanat 


NOTE 
The differences between the CRT 7004 and CG5004L-1 are detailed below: 
CG5004L-1 CRT 7004 

. If both the Preset and Clear inputs are . Clear overrides Preset, no output disable is 
brought high simultaneously the Serial possible. 
Output is disabled and may be wire-ORed. 

. All Inputs Vin = Veo — 1.5v . All inputs (except CLK) Viq = 2.0v, min. 

CLK V4 = 4.3v, min. 

.SO Vor = 0.4v @ lor =0.2mA : .SO Vor = 0.4v @ lot = 0.4mA 74LSXX load 

. Shift Register is static . Shift Register is dynamic 

. Clear—directly forces the output low; when . Clear directly forces the output low and will 
released, the output is determined by the be latched (for a character time) by PE. 
state of the shift register output. 

. General Timing Differences—See Timing . General Timing Differences—See Timing 
Diagram Diagram 
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STANDARD MICROSYSTEMS 


CORPORATION 


CRT 7004-003 


(5 X 7 ASCII) 
CODING INFORMATION 


Dot Matrix Character Generator 


soosococooa 


oooceoocGOa 
goocoon0cc00 
pert eet seteelety 

oo@#onon0cg 
Boce oooocg 
omsgoosocoo0co 
oo@eqccE8conooo 


ooogecoo000 


ooocoo0a 
oooG0000 
Osocag000 
Oosgoog000 


gogoocgcgcq000g0 
go0ceo00000 


oooooo0o 
oqaoo0co0n0: 
gooo0ugo0000 


goooogoccaco 
gooodoo00co 


ooocooco00n 
oo eeegeeaa 


ooo00000000 


jooocooo0o 
Boooodgo 


sOsceosocoo 
200 0000 
mooc@osca0o 






gooocoocc000 
goo0c000c00a 


ooogggoo0n00 
googgg00e0o 


ooo00000c00 
googooooo0c00 
oocoo0os80000 


oooooo000000 
ocogoo0cnc00 


ooococood0aa 
agooocoo000n 
omoooooo0000 
oosoo00ccq0g0go 
Ooo#@ooocoo0a 
oooosoocsaa0 
Oooo0@cooao 


goooouoge00g0 


aqoooocoo000a 
gaoooco0e0o 
ocos#oseocaacag 


goooooca000 
oooooococ0a00D 
{s[elelelelajelele} 


oqooaocoo000a 
aoooco00000 


peosoesseon 
oooogasbc00o 


poocoo00000 
ogooo00000n0 
eooggg9ong 


Hetst g@osoooco 
wooooo090000 
dgeqcocooo000 


oogdoooco00 


fo} slelelejalejelelals 
ogoqc00n0000 


ooDoog0000c0 
goOco0000000 


goo0gDuD000 
oo0cg00D0c0 
goo000o00D00 
peoecosoooG 


ooooocc0n00 


oooogocc0noo 
agoooco0000gD 


coosoco000b 
oosooo00000 
muaeeeenjoco 


oooco0g0000 
oooggg000ca 


oooooooc0co 
oo00609900000 
gpoooooso0000 


oocacaccoca 
goooo0o000cD 
Ogs@essOO00CD 


gooooocoacd0o 
og000000000 
oOmgooosooo00 


oooo000000ng 
og000000000 


ooooo000cno0 
Bete tetetatey 


oooocogcoo0 


oooo0gC0o000 
oooogcoo000 
oooocosaoogo0o 
aoooscocc00 
ooo0so00cag000 
Soso0o00000 
om@oooog0000 


oooocoggoco00 


Gagoo0000000 


oooocc00000 
oocoo0c00000 
OoCmsssesocoa 
gomoococg00 


g|coooosoocoo 
oooooocoo0a 


ooogoa0000no 
Bo0000c00c0 
OwBs0g00s0000 


ooo0o00000! 
ooo0090000000 
oo00 

aoa 


oooooo00000 
oooooo0cead 
ogo jeecoocog 


DOogaoo000g 
Oogogo00G0a 


jejeleinlelslelelalelal 
ocogqoato000 
fsjslals[alelelelal=le) 


eee eee 


oooogoco00d 
oooocoo00n0 


oooDD0000ca 
ooocoo00c000 


Dogaoaoo00a 
OcagggG0000 
oo000000000 


oooooo00000 
ooooo000000 


ooocoo0gono 
ooocgoG0G0nR 
ooococo000nao 


oosoo0000g00 
gopogo00000 


ocaocoooc00 
ooooo0000ccg0 
Gosooe@8cd0GgG 


ooooocog0c0D 
gooooocacaD 


ooooceocc00 
Oaaeewencea 





ted as a double underscore on Rows 8 and 9. 


is presen 


-003 


The Cursor for the CRT 7004 
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STANDARD MICROSYSTEMS 
——_— 


CRT 9006-135 


CRT 9006-83 


[APC FAMILY 


Single Row Buffer 
SRB 


FEATURES: 


CL] Low Cost Solution to CRT Memory Contention Problem 

CL) Provides Enhanced Processor Throughput for CRT 
Display Systems 

CL Provides 8 Bit Wide Variable Length Serial Memory 

CL) Permits Active Video on All Scan Lines of Data Row 


CL] Dynamically Variable Number of Characters per Data Row— 


...64, 80, 132,...up to a Maximum of 135 
CJ] Cascadable for Data Rows Greater than 135 Characters 


C) Stackable for Invisible Attributes or Character 
Widths of Greater than 8 Bits 


CL] Three-State Outputs 
C0 4MHz Typical Read/Write Data Rate 
C1 Static Operation 


C] Compatible with SMC CRT 5037, CRT 9007, and other 
CRT Controllers 


LJ 24 Pin Dual In Line Package 
() +5 Volt Only Power Supply 
C] TTL Compatible Inputs and Outputs 


C] Available in 135 Byte Maximum Length (CRT 9006-135) 
or 83 Byte Maximum Length (CRT 9006-83) 


PIN CONFIGURATION 


Package: 24-pin D.I.P. 





APPLICATIONS: 

CL] CRT Data Row Buffer 

C] Block-Oriented Buffer 

C] Printer Buffer 

C] Synchronous Communications Buffer 
L) Floppy Disk Sector Buffer 


GENERAL DESCRIPTION 


The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 

The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 








(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 


3-STATE 
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DESCRIPTION OF PIN FUNCTIONS 






SYMBOL 







WRITE ENABLE WREN 
cc 









CLEAR COUNTER CLRCNT 
=) CLOCK ENABLE CKEN 


3 
14-17 DATA INPUTS 


— 
— wa 


FUNCTION 
DOUT3-DOUT®@ | Data Outputs from the internal output latch. 


Character clock. The negative-going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 


Anegative transitionon CLRCNT clears the RAM address counter. 


CLRCNT is normally asserted low near the beginning of each 
scan line. 


When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 


DATA INPUTS DIN@-DIN3 Data Inputs from system memory. . 
DIN4-DIN7 Data Inputs from system memory. 





This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 


When OE is low, the data outputs DOUT9-DOUT7 are enabled. 
When OE is high, DOUT®-DOUT7 present a high impedance 
State. 


20-23 DATA OUTPUTS DOUT?7-DOUT4 | Data Outputs from the internal output latch. 


When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential! 
locations in the RAM. 












OPERATION 


For CRT operation, the Write Enable (WREN) signal is 
made active for the duration of the top scan line of each 
data row. Clear Counter (CLRCNT) typically occurs at 
the beginning of each scan line (HSYNC may be used as 
input to CLRCNT). Data is continually clocked into the 
input latch by CLK. When Clock Enable (CKEN) occurs, 
the data in the input latch (Write Data) is written into the 
first location of RAM. At the negative-going edge of the 
’ next clock, the address counter is incremented, the next 
input data is latched into the input latch, and the new data 


is then written into the RAM. Loading the RAM continues’ 


until one clock after CKEN goes inactive or until the 


RAM has been fully loaded (135 bytes). While data is 
being written into the RAM, itis also being output through 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data during 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display video on the first scan 
line. During subsequent scan linesinthedatarow, thesys- 
tem will disable Write Enable (WREN) and cause data to be 
read out from the internal RAM, thereby freeing the sys- 
tem memory for processor access for the remaining N-1 
scan lines where N is the number of scan lines per datarow. 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ...... ccc cece cece eee eee tee eee eee ee ee eee ee eee ne eet ete e et ens O°Cto+ 70°C 
Storage Temperature Range ......... cece cece cece eee teen eee sda vcaya desaceslvnia sk Bie Ack wie aimee tie ayeieond wha -55°C to+ 150°C 
Lead Temperature (Soldering, 10 SCC.) . 6... ccc ccc cece cece eee cece eee n eee eee ee eee tenn eee enenes +325°C 
Positive Voltage on any Pin, with respect to QroUNd ..... cece ccc cece cece cece eee e ene ete t teen ener teenies +8.0V 
Negative Voltage on any Pin, with respect to GQroUN 2... . ccc cece ec cece cence eee eee nee ee eee e eben ener nnees -0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vec = +5 £5%, unless otherwise noted) 


PARAMETER | MIN| TYP| MAX | UNITS COMMENTS 
DC CHARACTERISTICS 


Input Voltage Levels 
Low Level Vit 
High Level Vin 
Output Voltage Levels 
Low Level Vo. 



















avy 












High Level Vou lou => —100uA 
Input Current 0<VinS Vee 
Leakage, li 
Output ‘1’ Leakage 
Output ‘0’ Leakage 
(Off State) 
Input Capacitance 
CLK 
All other inputs > 
Power Supply Current oS 
lec (SRB-135) & 
Icc (SRB-83) r7-) 
AC CHARACTERISTICS 
tey 
(SRB135) 300 | 250 ns 
(SRB83) 400 | 330 ns 
tex 
(SRB135) 240 | 190 | DC ns 
(SRB83) 320 | 250 | DC ns 
tekH 
(SRB135) 28 5000 ns 
(SRB83) 34 5000 ns 
tcxr 
(SRB135) 10 ns tex = 28ns 
(SRB83) 10 ns tex = 34ns 
tor 
(SRB135) 10 ns tex. =240ns 
(SRB83) 10 ns tex = 320ns 
toset 65 ns 
toHotD 0 ns 
tencKp QO | ns 
tenckn 
(SRB135) 100 ns 
(SRB83) 125 ns 
tenHoLD 0 ns 
twackn 
(SRB135) 100 ns 
(SRB83) 125 ns 
tweNnHLD 0 ns 
toout 175 ns C. = 50pF 
trson 175 ~=ons 
trsorr | 175 ns 
toron 175 i ns CL = 30pF 
tcirs | 
(SRB135) 100 ns 
(SRB83) 125 | ; ons 
totRH | 0 i ns 





FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 
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FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 
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FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 
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FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS— 270 BYTES TOTAL 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

Friesian nar SEPT devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 


ae ine ema 
——T=Sti“‘<OO 


LPC FAMILY 


Double Row Buffer 
DRB 


FEATURES 


PIN CONFIGURATION 


(] Low Cost Solution to CRT Memory 
Contention Problem 


L] Provides Enhanced Processor Throughput for 
CRT Display Systems 


] Replaces Shift Registers or Several RAM and 
Counter IC’s in CRT Display System 


(] Permits Display of One Data Row While Next 
Data Row is Being Loaded 


[1] Data May be Written into Buffer at Less Than 
the Video Painting Rate 


[Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 


_] Permits Active Video on All Scan Lines of 
Data Row 


LJ Dynamically Variable Number of Characters 
per Data Row—...64, 80, 132,...up to 
a Maximum of 135 


(-] Cascadable for Data Rows Greater than 
135 Characters 


_] Stackable for “Invisible Attributes” 
or Character Widths of Greater than 8 Bits 


DOUT2 10 (77 
DOUT1 11 (7 
DOUTO 12 [7] 


28 DIN3 
27 WCLK 
26 OE 
25 WEN2 
24 WEN1 
23 GND 
22 ROF 
21 WOF 
20 REN 
19 CLRCNT 
18 TOG 
17 RCLK 


16 DIN4 


PACKAGE 28-pin D.I.P. 





LJ Three-State Outputs 
L] Up to 4 MHz Read/Write Data Rate 


LJ Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 


Cj 28 Pin Dual-In-Line Package 
C] +5 Volt Only Power Supply 
-) TTL Compatible 


GENERAL DESCRIPTION 


The CRT 9212 Double Row Buffer (DRB) provides - 


a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 9212 permits the loading of one data row 


while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 
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FIGURE 1: 
CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 
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FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 











Read eager | 









mali _ 


en com Enable 


on — inl 
E _ _ 


TOG is active. 
















24, eed Write Pee WEN | 
fed meee Enable OE 






|____8 _| Power Supply +5 Volt supply 


PINNO. | NAME SYMBOL FUNCTION 


3-0, 28, DINO-DIN7 | DINO-DIN7 are the data inputs from the system memory. 
16-13 


12-9,7-4 | Data outputs DOUTO- DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
DOUT7 latch. Valid information will appear on DOUTO-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 


| eee ee increments the current “read” address register, clocks data through the 
“read” buffer and moves data through the internal pipeline at the trailing edge. 


i aad se alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary. Switching of the buffers occurs when 
both TOG and CLRCNT are low. 


Clear Counter clears the current “read” address counter at the next RCLK posi- 
tive edge. CLRCNT is normally asserted low at the beginning of each horizontal 
retrace interval. CLRCNT clears the current “write” address counter when the 


Paes (ae enables the loading of data from the selected “read” buffer into the output 
PaBeN s eM Data is loaded when Read Clock is active. 


WOF high indicates that data is being written into the last memory position (posi- 
tion 135). When WOF is high, further writing into the selected “write” buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac- 
ters are desired. See figure 4. 


The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
“read” buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 


WEN allows input data to be written into the selected “write” buffer during WCLK 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 

WEN | save: pullup resistor allowing it to assume a high if pin 24 is left open. 
When the OE input is low, the data outputs DOUT0O-DOUT7 are enabled. When 
OE is high, DOUTO-DOUT7 present a high impedance state. OE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 


27 Write Clock WCLK WCLK clocks input data into the selected “write” buffer and increments the cur- 
rent “write” address register when WEN1 and WEN2 are high. 



















































OPERATION 


Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff- 
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive or until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle Signal (TOG) will go low. When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a “write buffer’ to a “read buffer”, 
permitting the next row of data to be written into the other 
buffer. Data from the current “read” buffer is read out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 




















the buffer RAM causes the “read” address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present “read” address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal “read” 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212’s to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 
Spaldiacele hip atasterteahi chest ed Gok deb nates Mawietg ga aes Wace betta theta eadeneth eda aed egrets 0°C to + 70°C 


Operating Temperature Range 


Storage Temperature Range .........--.-.ceeeee Wepre a Wa big tieimdtewcde bhcais Sha Oeare ae alee Se wee tele —55°C to + 150°C 
Lead Temperature (Soldering, 10S@C.).. 0... ccc cee eee eee ence eee eee n eee e ee tee nee ebeneeeaes + 325°C 
Positive Voltage on any Pin, with respect to ground ..... 0... ccc eee tere e eee n teen ence nent enenenes +8.0V 
Negative Voltage on any Pin, with respect to ground ......... 0. c ene e beeen eee eneenneees -—0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T, =0°C to 70°C, Veg = +5V+5%) 


| MIN | typ | MAX | UNITS | 


PARAMETER 


DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,, 
High Level V,,,, 
High Level V2 


OUTPUT VOLTAGE LEVELS 
Low Level Vo. 
High Level Vo, 





Sheri 
Subject toch 


=NARY 





excluding RCLK; WCLK 
RCLK, WCLK 


INPUT LEAKAGE CURRENT 
High Leakage |,,,, 10 pA excluding OE 
Low Leakage |,., 10 LA excluding WEN1 
High Leakage I... 400 pA WEN1 
Low Leakage |... 400 nA OE 
INPUT CAPACITANCE 
Ci, 10 pF excluding RCLK, WCLK 
ins 15 pF RCLK, WCLK 
POWER SUPPLY CURRENT 
AC CHARACTERISTICS' 
Write clock period 
tovr Read clock period 
ton 
tex 
toxr measured from 10% to 90% points 
toxe measured from 90% to 10% points 
tos referenced to WCLK 
tou referenced to WCLK 
tens2 
tens? 
tenn? : 
Dv C, = 50 pF; referenced from RCLK 
toorr 
toon 
toss C, = 30pF 
tes , 
ton 
tw 





1 - Reference points for all AC parameters are 2.4V high and 0.4V low. 

2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK. 

3 - For ROF, referenced from RCLK; for WOF referenced from WCLK. 

4 - Atleast 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN (= WEN1-WEN2). 
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FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC™ 
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FIGURE 6: CRT 9212 I/O TIMING 
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FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 


FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 





STANDARD MICROSYSTEMS 
——$_-— 


CRT 8021 
CRT 8021-003 


LPC FAMILY 


CRT Video Attributes Controller 
Video Generator 
VAC 


FEATURES 

LJON CHIP VIDEO SHIFT REGISTER 
Maximum shift register frequency — 20MHz 
Maximum character clock rate— 2.5MHz 


C]ON CHIP HORIZONTAL AND VERTICAL RETRACE 
VIDEO BLANKING 


L] ON CHIP GRAPHICS GENERATION 


CJON CHIP ATTRIBUTE LOGIC-CHARACTER, FIELD 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 


CJ ON CHIP BLINKING CURSOR 
CL} ON CHIP DATA BUFFER 

CL] ON CHIP ATTRIBUTE BUFFER 
CL] +5 VOLT OPERATION 

CO) TTL COMPATIBLE 


CL] MOS N-CHANNEL SILICON-GATE COPLAMOS® 
PROCESS 


PIN CONFIGURATION 


28 RETBL 
27 CURSOR 
26 MS@ 
25 MSI 

24 BLINK 
23 VSYN 
22 CHABL 
21 REVID 
20 UNDLN 
19 STKRU 
18 ATTBE 
17 GND 
16 RO 

15 R1 


1 
2 
3 
4 
5 
6 
7 
8 





[1] COMPATIBLE WITH CRT 5027/37 VTAC® AND 
CRT 9007 VPAC 


GENERAL DESCRIPTION 


The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI device. It con- 
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC’s CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027/37 or a CRT 9007 com- 
prises the major circuitry required for the display portion 
of a CRT video terminal. 


The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 blanking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon- 
tal and vertical retrace blanking of the video output. 


A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 


The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 
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strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 


The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 


The CRT 8021-003 provides a six part graphic entity for 
five by seven or five by nine characters in character blocks 
of up to seven by ten dots. . 
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MAXIMUM GUARANTEED RATINGS* 
Operating: Temperature Range. xcele ol wos Cees Sea eed Venter ed HA ON GW INNA eae 0°Cto+ 70°C 


Storage Temperature Range ....... ccc ccc ect ee te tee ete eee ee cent eee eeeeneecenees —55°C to +150°C 
Lead Temperature (Soldering, 10SEC.) 0.1... cece cece ceca tee eccceecedecccseeseeuseaseuceseces +325°C 
Positive Voltage on any Pin, with respect to QroUNd ....... cece ccc ccc cece cette eee ee ee eeeeeeeeeees +8.0V 
Negative Voltage on any Pin, with respect to QroUNnd ...... cece cece eect cette tenet eee enceetaaes —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V +5%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 





Low-level, Vit 0.8 V excluding VDC 
High-level, Vin 2.0 V excluding VDC 
INPUT VOLTAGE LEVELS-CLOCK 
Low-level, Vit 0.8 V 
High-level, Vin 4.3 V See Figure 7 > 
OUTPUT VOLTAGE LEVELS S 
Low-level, Vor 0.4 V lo. = 0.4 mA, 74LSXX load & 
High-level, Vou 2.4 V lon = —20 pA a 
INPUT CURRENT ’ 
Leakage, I. (Except CLOCK) 10 HA O=Vin=Vec 
Leakage, IL (CLOCK Only) 50 LA OSVin=Vec 
INPUT CAPACITANCE 
Data__ 10 pF @ 1 MHz 
LD/SH 20 pF @ 1 MHz 
CLOCK 25 pF @ 1 MHz 
POWER SUPPLY CURRENT 
loc 100 mA 


A.C. CHARACTERISTICS 
See Figure 6, 7 


tro, tepo Output propagation delay 
th LD/SH set-up time 
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DESCRIPTION OF PIN FUNCTIONS 


INPUT/ 
SYMBOL NAME OUTPUT 


1 VIDEO Video Output 


LD/SH Load/Shift 


ot 
< < 
a 
QO 
G) 
Zz 
oO 


FUNCTION 


The video output contains the dot stream for the selected row of the wide graphic, thin 
graphic, or external character after processing by the attribute logic, and the retrace 
blank and cursor inputs. 

The timing of the Load/Shift pulse will determine the number of additional (— —, 
zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 


When the next Load/Shift pulse appears the next character via the attribute logic, is 


parallel loaded into the shift register and the cycle repeats. 


The 8 bit shift-register parallel-in load or serial-out shift modes are established by 
the Load/Shift input. When low, this input enables the shift register for serial 
shifting with each Video Dot Clock pulse. When high, the shift register parallel 
(broadside) data inputs are enabled and synchronous loading occurs on the next 
Video Dot Clock pulse. During parallel loading, serial data flow is inhibited. The 
Address/Data inputs (AQ-A7) are latched on the negative transition of the 
Load/Shift input. See timing diagram, figure 1. 


Frequency at which video is shifted. 
In the External Mode, A@-A7 is used to insert an 8 bit word from a user defined 
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic 


Mode A@-A7 is used to define one of 256 graphic entities. In the thin Graphic 
Mode A@-A2 is used to define the 3 line segments. 





Video Dot Clock 


4-11 AQ-A7 Address/Data | 









Power Supply PS 
13, 14, 15, 16/R2,R3,R1,R@} Row Address 


Attribute Enable 


= 
Le) 





+5 volt power supply. 
These 4 binary inputs define the row address in the current character block. 


A positive level on this input enables data from the Reverse Video, Character Blank, 
Underline, Strike-Thru, Blink, Mode Select 8, and Mode Select 1 inputs to be strobed 
into the on-chip attribute latch at the negative transition of the Load/Shift pulse. 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching on a character 
by character basis, tie ATTBE high. See timing diagram, figure 1. 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
- forced high (SR@-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1). The 
strike-thru is a double line on rows R5 and Ré6 for the CRT 8021 and a single line on 
row R4 for the CRT 8021-003. 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR@-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1). The 
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021-003. 


When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is inverted and then presented to the shift register parallel inputs. 
This operation reverses the data and field video. See table 1. 


When this input is high, the parallel inputs to the shift register are all set low, provid- 
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1. 


This input is used as the clock input for the two on-chip blink rate dividers. 
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate 
(75/25 duty cycle). 


When this input is high and RETBL = 0 and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 
block with the internal Character Blink clock. The character blink rate is 1.875 Hz 
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18 ATTBE 


STKRU Strike-Thru 


— 


_ 
CHABL Character Blank 
V SYNC V SYNC 


BLINK Blink 
when V SYNC = 60 Hz. 


25 MS1 Mode Select 1 I These 2 inputs define the three modes of operation of the CRT 8002 as follows: 

26 _ MSO Mode Select 0 I Thin Graphics Mode—In this mode AQ-A2, (A3-A7 = X) will be loaded into the thin 
graphic logic along with the row addresses. This logic will define the segments 
of a graphic entity as defined in figure 6. 


: : haracter Mode —In this mode the inputs A@-A7 go directly from the character latch 
Thin Graphics into the shift register via the attribute logic. Thus the user may define external charac- 
Character Mode ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3. 
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Wide Graphics Wide Graphics Mode—In this mode the inputs AQ-A7 will define a graphic entity as 
described in figure 5. Each line of the graphic entity is determined by the wide graphic 
logic in conjunction with the row inputs R@ to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits can define any 
1 of the 256 possible graphic entities. These entities can butt up against each other to 
form acontiguous pattern or can be interspaced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 


These 3 modes can be intermixed on a per character basis. 


CURSOR Cursor When this input is enabled the cursor will be activated. The cursor will be a blinking (at 
3.75 Hz when V SYNC =60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 

RETBL Retrace Blank i When this input is latched high, the shift register parallel inputs are unconditionally 








27 





28 
cleared to all zeros and loaded into the shift register on the next Load/Shift pulse. This 
blanks the video, independent of all attributes, during horizontal and vertical retrace time. 
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TABLE 1 
RETBL REVID CHABL UNDLN’ 










CURSOR 





FUNCTION 






1 X (S.R.) All 
0 0 (S.R.) All 
0 0 (S.R.)* 
(S.R.) All others 
0 0 (S.R.) All 
0 1 (S.R.) All 
0 1 (S.R.)" 
(S.R.) All others 
0 1 (S.R.) Al 


Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 
Blink** REVID Block 


“AtSelected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 


Alternate Normal Video/REVID 
At Cursor Blink Rate 


oo0000 


FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 
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C7 C6 C5 C4 C3 C2 Cl C7 C6 C5 C4 C3 C2 C1 
EXTENDED ZEROS (BACK 
FILL) FOR INTERCHARACTER 
SPACING (NUMBER 
CONTROLLED BY LD/SH, 
COLUMN 7 IS SHIFTED OUT FIRST VDC TIMING) 


QO 
Ss 


Note: Dotted line shows typical character display area. 


FIGURE 3 


CHARACTER MODE 
MS@ = 1 MS1= 0 


C7 C6 C5 C4 C3 C2 Ci C BF B 


0 Fo ee 


BF = back fill 
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FIGURE 4. TYPICAL VIDEO OUTPUT— CHARACTER MODE 


voc 


'8DoT|SbDorT! 
A ee oe FIELO| FIELD! 
yee belD 
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FIGURE 5 


WIDE GRAPHICS MODE 
MS@= 6 MS1=@ 


5 BITS** NBITS** 


3 LINES* = CRT 8021 CRT 8021-003 


3 LINES 
C7 C6 C5 C4 C3 C2 C1 Ce 
3 LINES 


3 LINES 


*ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
**CAN BE PROGRAMMED FROM 1 TO 7 BITS 
***LENGTH DETERMINED BY LD/SH, VDC TIMING 
EXAMPLE: 10010110 Note: A11-R15 are 
always filled with ones. 


R14} NOTE: Unselected raster line rows 
are always filled with ones. 


BF =back fill 


FIGURE 6 


THIN GRAPHICS MODE 
MS@ = @ MS1 = 1 


CRT 8021 CRT 8021-003 


C7 C6 CS C4 C3 C2 Ct CH BF BF... C7 C6 CS C4 C3 C2 C1 CP BF 


— PROGRAMMABLE 
ROW 


NOTE: When A1 ="'1", the underline 
row/rows are deleted. 
X=DON’T CARE When Al= "0", the underline, 
* THE INSIDE SEGMENT IS MASK PROGRAMMABLE if selected, will appear. 
TO ROW 0000 BE = back fill 
** LENGTH DETERMINED BY LD/SH, VDC TIMING 
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FIGURE 7 


VDC (to chip) 


LD/SH (to chip) 


FIGURE 8 
TYPICAL CRT 8021 CONFIGURATION 
FOR COMBINED CHARACTER AND GRAPHICS MODES 
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FROM CRT CONTROLLER 
\ i 


RETRACE 
R3-R@ BLANKING CURSOR 


SYSTEM RAM 
OR 


R3-RO 
SINGLE OR FROM CRT 
DOUBLE ROW CONTROLLER CRT 8021 
BUFFER 


7 & . 
CHARACTER 
ROM 
4 


TO 
VAC MONITOR 


VIDEO DOT CLOCK 


LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. CHARACTER CLOCK 
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ght to make changes 


CHARACTER CLOCK * 
H SYNC HORIZ. SYNC 


7404 c 7404 BI-DIRECTIONAL DATA BUS weuNe VERT. SYNC 


VIDEO DOT ADDRESS BUS : 
CLOCK C SYNC coupes 


VTAC BLANKING 
CRT 5027 BL 


YOLINOW LHD OL 


CHARACTER 
DATA BUS ADDRESS 


BUS 


RASTER SCAN COUNTER 


MICRO- ADDRESS BUS 
PROCESSOR SELECTOR 


WITH VIDEO DATA 8 
CONTROL BUS SeriSHAL CHARBCTER SY 

MEMORY 

MAPPING 

CIRCUIT VAC 

(IF REQUIRED) CRT 8021 BLANKING 
VIDEO DOT SERIAL 
CLOCK OUTPUT 


1Kx8 TO 4Kx8 
CHARACTER TIMING 
FRAME ATTRIBUTES FROM 


BUFFER DOT COUNTER 
OR 
“OR 1 PORT RAM CHARACTER 


<—_ WITH BI-DIRECT CLOCK 
RAM & ROM PORT 


(FOR uP) “Latch may be required depending on system timing. 
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assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
devices described any license under the patent rights of SMC or others. SMC reserves the ri 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


35 Marcus Blvd., Hauppauge. NY. 11788. 


(516) 273-3100 - TWX-510-227-8898 






FIGURE 9. CRT 8021 TYPICAL .P CONFIGURATION (CHARACTER MODE ONLY) 


We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION 
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STANDARD MICROSYSTEMS 
———_— 


CRT 9021B 


LPC FAMILY 


CRT Video Attributes Controller 
VAC 


FEATURES 
(J On chip video shift register (28.5 MHz max.) 


[On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 


(1) Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 


C1 On Chip logic for double height/double 
width characters 


(_) Accepts scan line information in parallel 
or serial format 


L] Four cursor modes dynamically selectable via 2 
input pins 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 


L] Programmable character blink rate 
[_] Programmable cursor blink rate 


PIN CONFIGURATION 


H 21 VSYNC 


F) 19 SLO/SLD 
bh 18 SL1i/SLG 
17 SL2/BLC 

16 SL3/BKC 


INTOUT 100 
CURSOR 11 
RETBL 12 
CD/SH 130 
VIDEO 14C 


PACKAGE 28-pin D.I.P. 


C) On chip data and attribute latches 

C] +5 volt operation 

C1] TTL compatible 

] MOS n-Channel silicon gate COPLAMOS® process 
LJ Compatible with CRT 5037 VTAC®; CRT 9007 VPAC. 


GENERAL DESCRIPTION 


The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen- 
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con- 
nected directly to a CRT monitor’s video input. The 
maximum video shift register frequency of 28.5 MHz 
allows for CRT displays of up to 132 characters per 
data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con- 
junction with the CRT 9007 VPAC," the CRT 9021 will 

_provide double height or double width characters. 

Four programmable cursor modes are provided on 

the CRT 9021. They are: underline, blinking under- 


line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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SERIAL SCAN LINE 
SHIFT REGISTER 


D7-DO 
RO/SLD 
CURSOR R1/SLG 


RETBL R2/BLC 


R3/BKC 
SINGLE/DOUBLE 
ATTRIBUTE 
[DISH HEIGHTWIDTH AND VSVNG 
GRAPHIC 
LOGIC 


> INTOUT 


1, 28, 27, 26, In the character mode, the data on these inputs is passed through the Attributes 
25, 24, 23, logic into the 8 bit high speed video shift register. The binary information on D7 
22 will be the first bit output after the LD/SH input goes low. 
In the thin or wide graphics mode these 8 inputs will individually control the on/off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-DO 


Mode Select @ These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
Mode Select 1 MS1, MSO = 00; Wide graphics mode 
= 10; Thin graphics mode 
01; Character mode without underline 
11; Character mode with underline 


See section entitled Display Modes for details. 


When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register. 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 


When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 


When this input is high and both the RETBL and CHABL inputs are low, the char- 
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the “off” portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 


The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, it is possible to raise or lower the voltage level of the 
video output to produce such attributes as “half intensity” or “intensity”. 
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DESCRIPTION OF PIN FUNCTIONS CONT’D 






















PINNO. | NAME SYMBOL FUNCTION 
Supply Voltage +5V +5 volt power supply 


Attribute 
Enable 


ATTEN When this input is high, the internal attribute latch is updated at the positive going 
edge of the LD/SH input with data appearing on the REVID, CHABL, MS1, MSO, 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing “field” or ““embed- 
ded” attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for “invisible” attributes). 


This output is used in conjunction with the INTIN input to provide a three charac- 
ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
implemented. See INTIN (pin 7). 


When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 


When this input is high, the parallel inputs to the video shift register are uncondi- 
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 


The 8 bit video shift register parallel-in load or serial-out shift operation is estab- 
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
attributes are moved to the next position in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD/SH. 


The Video output provides the serial dot stream to the CRT. Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 


This input clock controls the rate at which video is shifted out on the 
VIDEO output. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the most significant bit of the binary scan 
line row address. 

Serial scan line mode—This input controls the cursor’s physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the second most significant bit of the 
binary scan line row address. 

Serial scan line mode—This input if high, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). if this input is low, the cursor will be 
non-blinking. 
This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. 

Parallel scan line mode—This input is the next to the least significant bit of the 
binary scan line row address. hd 

Serial scan line mode—This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be serially shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par- 
allel input scan line row address mode. 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021. Refer to figure 6. 

Parallel scan line mode—This input is the least significant bit of the binary scan 
line row address. 

Serial scan line mode—This input will present the scan line information in serial! 
form (least significant bit first) to the CRT 9021 and permits the proper scan line 
information to enter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 


[Ground | GND 


This input is typically connected to the vertical sync output of the CRT controller 


Vertical Sync 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac- 
ter blank rate (75/25 duty cycle). In addition, the internal attributes are reset when 
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this input is low. The VSYNC input is also used to determine the scan line mode 


(parallel or serial) used. See the section “Scan Line Input Modes”. 
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SECTION V 


Retrace Blank 


Reverse Video 


Character Blank 


ATTRIBUTES FUNCTION 


—The RETBL input causes the VIDEO 
to go to the zero (black) level regard- 
less of the state of all other inputs. 

—The REVID input causes inverted data 
to be loaded into the video shift 
register. 

—The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 


Underline —MS1, MSO = 1, 1 forces the video to 
go to the inverse of the background 
level for the scan line(s) pro- 
grammed for underline. 

Blink —The BLINK input will cause charac- 


ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal! video for 75% of 
the time. When the cursor is pro- 


grammed to blink (not controlled by 
the BLINK input), the video alter- 
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 
same character position. 

—The INTIN input and the INTOUT 
output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline of the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTOUT to cre- 
ate the desired video level. See fig- 
ure 8. 

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 

attributes as a function of the cursor format and the CUR- 

SOR and RETBL inputs. 


Intensity 
(Half Intensity) 





TABLE 1: CRT 9021 ATTRIBUTE COMBINATIONS 





CURSOR 
FORMAT 


UNDERLINE” 


BLINKING? 
UNDERLINE?” 


RETBL 





rs 
Ea 
ed 







REVID BLOCK 


BLINKING® 
REVID BLOCK 


| - 


| 


CRT 9021 INPUTS 
CURSOR | REVID CHABL 









VIDEO SHIFT REGISTER 
LOADED WITH: 


UNDLN 


data 


One's for selected scan line(s); Data for all 
other scan lines. 
X 
eaten a cee ee | 
1 Zero’s for selected scan line(s); data for all 
other scan lines. 
xX ines. 


One’s for all scan lines 
X ; 


One’s for selected scan line(s) for cursor 

data for all other scan lines. 

One’s for selected scan line(s) for cursor 

zero’s for all other scan lines. 

Zero’s for selected scan line(s) for cursor; 
Data for all other scan lines. 
Zero’s for selected scan line(s) for cursor; 
one’s for all other scan lines. 
One's for selected scan line(s) blinking; 
Data for all other scan lines. 


One's for selected scan line(s) blinking; ; 
zero’s for all other scan lines. 
Zero’s for selected scan line(s) blinking; 
Data for all other scan lines. 
Zero’s for selected scan line(s) blinking; 
one’s for all other scan lines. 
Data for all scan lines. 


Zero’s for selected scan line(s) for 
underline; data for all other scan lines. 
One’s for all scan lines. 

Data for all scan lines 


One's for selected scan line(s) for 
underline; data for all other scan lines. 


Zero’s for all scan lines. 


QOn_ Off 
Data for all scan lines. Data for all scan lines. 


Zero's for selected One's for selected 
scan line(s) for scan line(s) for 

underline; Data for underline; Data for 
all other scan lines. all other scan lines. 


Xx One’s for all scan lines. | Zero’s for all scan lines. 
Data for all scan lines. Data for all scanlines. 


One’s for selected Zero’s for selected 
scan line(s); Data scan line(s); Data 
for all other scan lines. | for all other scan lines. 


Zero’s for all scan lines. | One's for all scan lines. 


1 
1 
1 


X 
X 









* 


EE 









x 


* 























= 


X 
























X 


1 - if the programmed scan line(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are displayed. 


2 - at programmed scan line(s) for underline 
3 - at cursor blink rate 


Note—cursor blink rate overrides character blink rate. 
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DISPLAY MODES 


Inputs MS1 and MSO select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 


MS1,MSO = 00 


—wWide Graphics Mode. 


In this display mode, inputs D7-DO 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
D7-D0 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 


MS1,MSO = 01 


the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi- 
ble in this display mode. 


—Character Mode Without Underline. 


In this display mode, inputs D7-DO go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures 8a and 


MS1,MSO = 10 —Thin Graphics Mode. 8, 
In this display mode, inputs D7-DO0 MS1,MSO = 11 —Character Mode With Underline. 
define a graphic entity as illustrated Same operation as MS1, MSO = 01 
in figure 3. Note that individual bits in with the underline attribute appear- 
D7-D0 will illuminate particular hori- ing on the scan line(s) mask pro- 
zontal or vertical line segments within grammed. 


SL3-SLO ROW # C7 C6 C5 C4 C3 C2 C1 CO BF BF 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 


} if |07|D6|05|04|D3|D2|07]D0 DATA INPUT ON D7-DO 


1111 L H3, H2, H1, HO, W1, WO are mask programmable 


I 
| 
| 


es a eB a 


SECTION V 


SL38-SLO ROW # C7 C6 C5 C4 C3 C2 C1 CO BF BFooo VERTICAL HEIGHT* HORIZONTAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


HORIZONTAL LENGTH* VERTICAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


[07|D6|b5|D4|b3[Da[p1|o0 DATA INPUT ON D7-DO 


* These values are fixed 


FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 





BACKFILL 


Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions beyond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 

Method A — The backfill (BF) dots will be the same 

as the dot displayed in position C7. 


Method B — The backfill (BF) dots will be the same 


_as the dot displayed in position CO. 


For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 





CURSOR FORMATS 


Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 

Underline — The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

— The cursor will appear as an 
underline. The underline will alter- 
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

— The cursor will appear as a reverse 
video block (The entire character 


Blinking Underline 


Reverse Video 
Block 


cell will be displayed in reverse 
video). 

— The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro- 
grammed cursor blink rate. 


Scan Line 
Input Mode Pin 17 Pin 16 Cursor Function 


0 Underline 
Reverse Video Block 
Blinking Underline 
Blinking Reverse 
Video Block 


Parallel X X Mask programmable 
Only 


TABLE 5: CURSOR FORMATS 


Blinking Reverse 
Video Block 










Serial 


—_ = © 








DOUBLE WIDTH MODE 


In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low for a minimum of 1 LD/SH period from the leading edge 
of RETBL. The CURSOR input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
a cursor will be displayed. It is assumed that the CRT con- 


troller knows when a particular scan line should be double 
width and it should activate the CURSOR in the manner just 
described. Double height/double width characters can also 
be displayed if the scan line count is incremented by the 
CRT controller every other scan line. With respect to the 


_ CRT 9021, no distinction between double width and double 


height display is necessary. Figure 4 illustrated timing for 
both single and double width modes. The CRT 9007, which 
supports double height double width characters, will pro- 
duce the CURSOR signal as required by the CRT 9021 with 
no additional hardware. 





SCAN LINE INPUT MODES 


Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustrates the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5 or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 


mode will be selected for the next field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur on pin 18 and second, pin 18 
must be low for seven or more LD/SH periods. Refer to fig- 
ure 7 for timing details. 










Input Mode 
‘Parallel SLO SL1 SL2 SL3 





TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 





PROGRAM OPTIONS 


The CRT 9021 has a variety of mask programmed options. 
Tables 2 and 3 illustrate the range of these options for the 
wide and thin graphics modes respectively. Table 4 illus- 


trates the range of the miscellaneous mask programmed 
options. In addition, Tables 2, 3 and 4 show the mask pro- 
grammed options for the standard CRT 9021. 
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(NORMAL) 
WIDTH 


D7-DO 
cite 
WIDTH 


DI7-DIO 


) 
os) 
) 
) 


WIDTH 


( 

DI7-DI0 
Gist 
( 


VIDEO 
NORMAL 
WIDTH 


VIDEO 

(ion) 
WIDTH 

ATTRIBUTE IN' 


(Wont) 


ATTRIBUTE OUT! 
phon 
WIDTH 


ATTRIBUTE IN’ 
(DOUBLE) 
WIDTH 
ATTRIBUTE OUT! 
(DOUBLE 
WIDTH 


7 
4 ‘ 


1-Attributes include MSO, MSI, BLINK, CHABL, INTENSITY, REVID 


FIGURE 4: CRT 9021 FUNCTIONAL I/O TIMING 





SECTION V 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 3s. os fae te iid sb eee oe ase Ga ee oi Lee baled Saeed eco 0°C to + 70°C 
Storage: Temperature Range .:: 0.6 iiss See eee edd ed RE Rs edi eA eee de cota Oe ees Feed bE ce ee es — 55°C to + 150°C 
Lead Temperature (soldering, 10S€C.). 0... ccc ccc een eee nee een e nee beeen ence en eeanenes +325°C 
Positive Voltage on any Pin, with respect to ground ........ 0... cece cece recent eter tenn ene e eee ee eeennaes .15V 
Negative Voltage on any Pin, with respect to Ground .. 0... ccc cee cece teen eee ete e eee een te eeneeeee —-0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 


PARAMETER | MIN. | TYP 


a, 
Scr 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V, V os 
High Level V,,,, : V Allinputs except VDC, LD/SH 
High Level V,,,. : V For VDC, LD/SH input 





i) 
Oo 


4.3 
OUTPUT VOLTAGE LEVELS 
Low Level V,, V lop =0.4 mA 
High Level Vo, 2.4 V lon = 1002A 
INPUT LEAKAGE CURRENT = 
Leakage l., 10 pA 0<Vin<Vec; excluding VDC, LD/SH 
Leakage I,, 50 nA 0<Vinn<Vo-; for VDC LD/SH 
INPUT CAPACITANCE =~ 
Cw 10 pf Excluding VDC, LD/SH 
Ging 20 pf For LD/SH 
Cis 25 pf For VDC 
POWER SUPPLY CURRENT 
lee mA 
AC CHARACTERISTICS 
PARAMETER | MIN. | TYP | MAX | UNIT COMMENTS 
VDC | 
1/tey, VDC frequency 1.0 28.5 MHZ 
tex. WDC low 10 ns 
texw VDC high 10 ns Measured from 10% to 90% points 
texn WDC rise time 7.5 ns Measured from 90% to 10% points 
texe VDC fall time 7.5 ns 
LD/SH 
toys 315 
te 7 | 
ths 0 
INPUT SETUP AND HOLD 
tse 35 
tue 0 
MISCELLANEOUS TIMING 
tis 35 c. = 15pf 
tow teva 
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ALLIN 
(EXCEPT VDC, Ths) 


VDC 


VIDEO OR 
INTOUT 


CURSOR 
(FOR DOUBLE WIDTH) 


FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 


7 | | | WA 
a bed hae J 


SL1/SLG ——————2 ee -r- 
i a STABLE >.7 LD/SH 


SET Bis 
sont ne ne SCANLINE MODE 


FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 


OPTION CHOICES STANDARD CRT 9021 


Height of graphic block” 























D7 and D3 any scan line(s) RO, R1, R2 
D6 and D2 any scan line(s) R3, R4, R5 
D5 and D1 any scan line(s) R6, R7, R8 





D4 and DO any scan line(s) R9, R10, R11, R12, R13, R14, R15 


Width of D7, D6, D5, D4** any number of dots 0 to 8 C7, C6, C5, C4 
Width of D3, D2, D1, DO** any number of dots 0 to 8 C3, C2, C1, CO, BF 
* Any graphic block pair can be removed by programming for zero scan lines. 
** Total number of dots for both must be equal to the total dots per character with no overlap. 

















TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 


Horizontal portion for 


D2 and D3 any scan line(s) RO-R15 R5 
D4 any scan line(s) RO-R15 RO 
D any scan line(s) RO-R15 R11 


5 
Blanked dots for serrated horizontal lines 














ts 

D2 any dot(s) C7-CO, BF 
D3 any dot(s) C7-C0, BF 
D4 any dot(s) C7-C0, BF 
D any dot(s) C7-CO, BF 


5 
Vertical position for 













DO and D1 any dot(s) C7-C0, BF C3 
D6! any dot(s) C6-CO, BF BF 
D7! any dot(s) C7-CO C7 


Vertical length for 
DO 


any scan line(s) RO to R5 




















D1 all scan lines not used by DO R6 to R15 
D6 no choice; always RO-R15 RO to R15 
D7 no choice; always RO-R15 RO to R15 


1 - D7 must always come before D6 with no overlap; otherwise D6 is lost. 


TABLE 4 
MISCELLANEOUS MASK PROGRAMMING OPTIONS 


OPTION CHOICES STANDARD CRT 9021 
Backfill in character mode : 
32 


Character blink rate 8 to 60 even numbers 
(division of VSYNC frequency) (7.5 Hz to 1 Hz)! (1.875 Hz)! 
F Twice the character 16 


character underline position any scan line(s) RO-R15 
__“ any scan line(s) RO-R15 not applicable 


underline 
Blinking underline 
Reverse video block 
Blinking reverse video block 























cursor format* Blinking reverse video block 


1 - Assumes VSYNC input frequency of 60 Hz. 

2 - Valid only if the cursor is formatted to blink. 

3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 
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OR 
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BUFFER 


D7-D0O 


CHARACTER 
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CRT 9021 
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SL3-SLO SL3-SLO 

FROM VSYNC 
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MS! 
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GENERATOR 


FIGURE 8a: CRT 9021 SYSTEM CONFIGURATION IN PARALLEL 
SCAN LINE MODE 
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STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Blvd. Hauppauge. N.Y. 11788 
(516) 273-3100 TWX-510-227-8893 


We keep ahead of our competition so you can keep ahead of yours. 
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FIGURE 8b 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


292 


Microprocessor Peripheral 
ROM 





Part Number as Description Access Time Power Supply 


ROM 4732(3) 32K ROM: 32,768 bits : 





ROM 36000(!3) 64K ROM; 65,536 bits : 
Fiera ae organized 8192x8 - R50 nsec +8 24 DIP | 381-354 


FLOPPY DISK 


Density Output Supplies | Package Page 
8 
) 
A 







Part Sector/ 
Number Description Format 
FDC1761 Floppy Disk Controller/ Soft 
Formatter (mini-floppy only) 
FDC1763 Floppy Disk Controller/ Soft 
Formatter (mini-floppy only) 
FDC1765 Floppy Disk Controller/ Soft 
Formatter (mini-floppy only) 
FDCL767 Floppy Disk Controller/ Soft 
Formatter (mini-floppy only) 
FDC1791 Fioppy Disk Controller/ Soft 
Formatter 
FDC1792 Floppy Disk Controler/ Soft 
Formatter 
FDC1793 Floppy Disk Controller/ Soft - 
Formatter 
FDC1794 Floppy Disk Controller/ Soft 
Formatter 








1] 
ie] 
8 
$s 
o 
8 

S 

A 


SECTION VI 








FDC1795 Floppy Disk Controller/ Soft Double Inverted Me +5,418 40 DIP 311-326 
Formatter 

FDC1797 Floppy Disk Controller/ Soft Double Ye +5,+128 40 DIP 311-326 | 
Formatter : 


FDC3400 Floppy Disk Data Handler Hard NIA 40DIP | 331-338 
Fpcezie/B | Floppy Disk DataSeparator | Soft/Hard| Double NA gDIp | 327-330 


il CASSETTE/CARTRIDGE 


Max Power 
Part Number Description Data Rate Features Supply Package Page 
Ccc 3500 Cassette/Cartridge Data Handler} 250K bps Sync byte detection, +5, -—-128 40 DIP 339-546 
| Read While Write 


(For future release (3)May be custom mask programmed 
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STANDARD MICROSYSTEMS 
——-— 


Floppy Disk 


FDC 1761-02 
FDC 1763-02 
FDC 1765-02 
FDC 1767-02 


LPC FAMILY 


Controller/Formatter 
FDC 


FEATURES 


(J 1 MHZ VERSION OF FDC 179X 
L] SOFT SECTOR FORMAT COMPATIBILITY 
LJ] AUTOMATIC TRACK SEEK WITH VERIFICATION 
LJ ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
CL] READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
CL] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search 
Entire Track Write for Diskette Initialization 
L] PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
LC) SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information 
L] WRITE PRECOMPENSATION (MFM AND FM) 
L) SIDE SELECT LOGIC (FDC 1765, FDC 1767) 
L] WINDOW EXTENSION (IN MFM) 


GENERAL 


The FDC 176X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 176X chip 
design has evolved into four specific parts: FDC 1761, 
FDC 1763, FDC 1765, and the FDC 1767. It.is a 1MHz 
version of the FDC 179X family. need 

This FDC family performs all the functions necessary 
to read or write data to a floppy disk drive. 5%" (mini- 
floppy) drives with single or double density storage 
capabilities are supported. These n-channel MOS/LSI 
devices will replace a large amount of discrete logic re- 
quired for interfacing a host processor to a floppy disk. 


The FDC 176X is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 


PIN CONFIGURATION 


“INVERTED BUS FOR FDC 1761, FDC 1765 
PACKAGE: 40 pin D.I.P. 





CL) INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
L] COMPATIBLE WITH FD176X-02 
L] COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
CL) COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


DESCRIPTION 


mode (MFM). The FDC 176X contains enhanced fea- 
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 


The FDC 1763 is identical to the FDC 1761 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 


The FDC 1765 adds side select logic to the FDC 1761. 
The FDC 1767 adds the side select logic to the FDC 1763. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 


> 
= 
= 
— 
o 
tu 
nm 





FDC 176X BLOCK DIAGRAM 


DATA OUT 
BUFFERS 


STATUS 
REG 
RAW READ 


WRITE DATA 
(TO DISK) 


AM 
DETECTOR 
CRC LOGIC 


WG 
TG43 
WPA 
WF/VFOE 
iP 
‘ TROO 
COMPUTER CONTROL PLA CONTROL DISK READY 


INTERFACE CONTROL INTERFACE 
CONTROL (230 x 16) CONTROL STEP 


OIRC 
EARLY 
LATE 
RG/SSO 
HELD 
HUT 


Cc 
16) 
M 
P 
U 
T 
E 
R 


FLOPPY DISK 
CONTROLLER/ 
FORMATTER 


m<-DO AM-O <DVOrN 


MOoOPrnywMAZ— 


ONE SHOT 
(IF USED) 





DESCRIPTION OF PIN FUNCTIONS 


PIN NO. NAME SYMBOL FUNCTION 


NO CONNECTION 


GROUND 


NC 

Vss 

POWER SUPPLY Vec 
D 

MR 


This pin is internally connected to the substrate bias generator and 
must be left open. 


Ground 


+5V +5% 


2 
2 
4 


POWER SUPPLY Vop +12V 45% 


PS —— A logic low (50 microseconds min.) on this input resets the device 

MASTER RESET and loads HEX 03 into the command register. The Not Ready 
(Status Bit 7) is reset during MR ACTIVE. When MR is brought to a 
logic high a Restore Command is executed, regardless of the state of 
the Ready signal from the drive. Also, HEX 01 is loaded into the 
sector register. 

COMPUTER INTERFACE: 

WRITE ENABLE A logic low on_this input gates data on the DAL into the selected 
register when CS is low. 

CHIP SELECT cs A logic low on this input selects the chip and the parallel 
data bus (DAL). 

READ ENABLE A logic low on this input controls the placement of data from a 
selected register on DAL@-DAL7 when CS is low. 


REGISTER SELECT AO, At These inputs select the register to receive/transfer data on the DAL 
LINES lines under RE and WE control: 





1 
0 
1 
0 

19 





= 
mi 








ma 
m 





2 
3 
4 
6 


5 


















Status Reg Command Reg 
Track Reg Track Reg 
Sector Reg Sector Reg 


Data Reg Data Reg 











7-14 DATA ACCESS LINES DALO- Eight bit Bidirectional bus used for transfer_of data, control, and 
DAL7 status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1761, and 


FDC 1765. Each line will drive 1 standard TTL load. 


CLOCK CLK This input requires a free-running square wave clock for internal 
timing reference of 1 MHz +1% with a 50% duty cycle. 


DATA REQUEST DRQ This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 












SECTION VI 








24 
38 
39 INTERRUPT REQUEST INTRQ_ | This open drain output is set at the completion or termination 

of any operation and is reset when a new command is loaded into 


the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 








FLOPPY DISK INTERFACE: 


15 STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 
DIRECTION Pee) Direction Output is active high when stepping in, active low when 


= 


— 
GN o 


stepping out. 





Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 








18 Indicates that the write data pulse occurring while Late is active 


(high) should be shifted late for write precompensation. 





LATE LATE 
TEST 


TEST 


nm 
nh 


This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 


23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed 
to be engaged. 


297 














PIN NO. NAME SYMBOL FUNCTION 


25 READ GATE (1761/3) RG This output is used for synchronization of external data separators. 
The output goes high after two bytes of zeroes in single density, 
or four bytes of either zeroes or ones in double density operation. 





{ 

+ 95 SIDE SELECT OUTPUT sso The logic level of the Side Select Output is directly controlled by 

{ (1765, 1767) the ‘S’ flag in Type II or Ill commands. When S = 1, SSO is set to 

i . a logic 1. When S = 0, SSO is set to a logic 0. The SSO is compared 
] with the side information in the sector I.D. field. If they do not 

i . | compare, status bit 4 (RNF) is set. The side select output is only 

i updated at the beginning of a type II or Ill command. It is forced 

| to a logic 0 upon a MASTER RESET condition. 


26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 

| relative to RAW READ is important but polarity (RCLK high or low) 
is not. ; 


i 27 RAW READ RAW The data input signals directly from the drive. This input shall be a 
| READ negative pulse for each recorded flux transition. 
28 HEAD LOAD HLD The HLD output controls the loading of the Read-Write head 
against the media. 


29 TRACK GREATER TG43 This output informs the drive that the Read/Write head is positioned 
THAN 43 between tracks 44-76. This output is valid only during Read and 





Write Commands. 





30 WRITE GATE WG This output is made valid before writing is to be performed 
on the diskette. 





31 WRITE DATA WD A 400 ns (MFM) or 1000 ns (FM) pulse per flux transition. WD 
contains the unique Address marks as well as data and clock in both 
FM and MFM formats. 





32 | READY READY | This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


33 ‘WRITE FAULT/ WF/VFOE | This is a bi-directional signal used to signify writing faults at the 

VFO ENABLE drive, and to enable the external PLO data separator. When WG=1, 
Pin 33 functions as a WF input. If WF=O, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1765/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 1761/3, VFOE will remain low 
until the end of the Data Field. 




















34 TRACK 00 TROO This input informs the FDC176X that the Read/Write head is 
positioned over Track 00. 

35 INDEX PULSE iP This input informs the FDC176X when the index hole is encountered 
on the diskette. 

36 WRITE PROTECT WPRT This input is sampled whenever a Write Command is received. 

A logic low terminates the command and sets the Write Protect 
Status bit. 
37 DOUBLE DENSITY DDEN This pin selects either single or double density operation. When 


H DDEN=0, double density is selected. When DDEN=1, single 
density is selected. 
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FUNCTIONAL DESCRIPTION 


The FDC 176X-02 major functional blocks are as follows: 


Data Shift Register — This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic—This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x!®+x!2-Fx5+ 1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 


Arithmetic/Logic Unit (ALU)— The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. , 


Timing and Control — All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector— The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 


OPERATION 


The FDC 176X has two modes of operation, according 
to the state of DDEN. When DDEN = 0, double density 
(MFM) is assumed. When DDEN = 1, single density 
(FM) is assumed. In either case the CLK input (Pin 24) 
is at 1MHz-and stepping rates of 6, 12, 20 and 30ms 
can be obtained. 








Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, DDEN should be 
placed to logical “1.” For MFM formats, DDEN should 
be placed to a logical “0.” Sector lengths are determined 
at format time by a special byte in the “ID” field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01, then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
For the FDC 1765/67 the sector length may be different 
according to the state of the b flag in the command 
word. Refer to Table 1; command summary. The number 
of sectors per track can be from 1 to 255 sectors. The 
number of tracks is from 0 to 255 tracks. 


For read operations, the FDC 176X requires RAW READ 
Data (Pin 27) signal which is a 400 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
provided by some drives but if not, it may be derived 








externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) on 1761/63 which can be used to 
inform phase lock loops when to acquire synchroniza- 
tion. When reading from the media in FM, RG is made 
true when 2 bytes of zeroes are detected. The FDC 176X 
must find an address mark within the next 10 bytes: 
otherwise RG is reset and the search for 2 bytes of 
zeroes begins all over again. If an address mark is found 
within 10 bytes, RG remains true as long as the FDC 176X 
is deriving any useful information from the data stream. 
Similarly for MFM, RG is made active when 4 bytes of 
“00” or “FF” are detected. The FDC 176X must find an 
address mark within the next 16 bytes, otherwise RG is 
reset and search resumes. 
During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 176X is inspecting data off the disk 
If WF/VFOE is not used, this pin may be left open, as 
it has an internal pull up resistor. 
On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
transferred tn parallel to the Data Register. This bit 
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is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 176X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC 176X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 


For write operations, the FDC 176X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 1000 ns pulses in FM (DDEN=1) 





and 400 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC 176X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with anew 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 


COMMAND WORDS 


The FDC 176X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type | Commands contains a 
rate field (ror1), which determines the stepping motor 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 176X receives 
a command that specifically disengages the head. If 
the FDC 176X is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=0, no verification is performed. 


During verification, the head is loaded and after an 
internal 30 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
is read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, aninterrupt 


is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there isa match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after five revolutions of the 
disk, the FDC 176X terminates the operation and sends 
an interrupt (INTRQ). 


The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 


On the FDC 1765/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC 176X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC 176X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. Note: When using multi- 
ple drives, the track register must be updated for the 
drive selected before seeks are issued. 


Step 


Upon receipt of this command, the FDC 176X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-In 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
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Step-Out 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track O. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and 0 of the command word. After the 
last directional step an additional 30 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type | commands. If TEST=0, there is zero settling time. 
There is also a 30 ms head settling time if the E flag is set 
in any Type II or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 





Step— A 4 ys (MFM) or 8 us (FM) pulse is provided as an 
Output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 


Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 24 us before the first stepping pulse 
is generated. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 30 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC:176X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 


Table 2. Stepping Rates 








The Head Load (HLD) output controls the movement of 
the read/write head against the-media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (h=1), at the end of the Type'l command if the verify 
flag (V=1), or upon receipt of any Type II or II] command. 
Once HLD is active it remains active until either a Type | 
command is received with (h=0 and V=0O); or if the 
FDC 176X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC 176X 
which is used for the head engage time. When HLT=1, 
the FDC 176X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 


typically used to fire a one shot. The output of the one 


shot is then used for HLT and supplied as an input to 
the FDC 176X. 


HLD se 


}<s—50 TO 100mS —m} 


HLT (FROM ONE SHOT) 





Head Load Timing 


When both HLD and HLT are true, the FDC 176X will 
then read from or write to the media. The “and” of HLD 
and HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 
h=1, Load head at beginning 


h=0, Unload head at beginning 
V= Verify flag (Bit 2) 
V=1, Verify on destination track 


V=0, No verify 
r1fo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 
u= Update flag (Bit 4) 


u=1, Update Track register 
u=0, No update 





EXCEPTIONS 

On the FDC 1765/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 


Type I] Commands 


The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type Il command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 30 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 


When an ID field is located on the disk, the FDC 176X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 
is a match, the Sector Number of the ID field is compared 
with the Sector Register. lf there is not a Sector match, 
the next encountered ID field is read off the disk and 


GAP | ID TRACK SIDE SECTOR 
i! | AM} NUMBER | NUMBER | NUMBER | 









comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC 176X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 


Each of the Type Il Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC 176X will read 
or write multiple records starting with the sector pre- 
sently in the sector register. The FDC 176X will continue 
to read or write multiple records and update the sector 
register in numerical ascending sequence until the 
sector register exceeds the number of sectors on the 
track or until the Force Interrupt command is loaded into 
the Command Register, which terminates the command 
and generates an interrupt. 


lf the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 


The Type !! commands also contain side select compare 
flags. When C=O, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 176X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The Type II and IIl commands for the FDC 1765/67 
contain a side select flag (bit 1). When U = 0, SSO 
is updated to 0. Similarly, U = 1 updates SSO to 1. The 
chip compares the SSO to the ID field. If they do not 
compare within 5 revolutions, the interrupt line is made 
active and the RNF status bit is set. 


The FDC 1765/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatibility, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


’ Sector Length Table (1761/3 only) 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 








Field Format 


SECTOR | CRC} CRC | GAP] DATA CRC | CRC 
LENGTH] 1 2 ll AM | DATA FIELD | 1 2 


ID FIELD DATA FIELD 


In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 


When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data fiéld, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record commana). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


COMMAND 


READ SECTOR 
WRITE SECTOR 





DATA ADDRESS MARK (ao) 


F, (1761/3) SIDE COMPARE FLAG (C) 


F, (1765/7) SIDE SELECT FLAG (S) 


DELAY (E) 


Fe (1761/3) SIDE SELECT FLAG (S) 


Fa (1765/7) SECTOR LENGTH FLAG (b)| 9 


MULTIPLE SECTORS (m) 


Write Sector 


Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 176X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The FDC 176X then writes the data field and generates 
DRQ’s to the computer. If the DRQ is not serviced in 
time for continuous writing, the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. For a 1 MHz clock, the INTRQ will 
set 16 or 24 usec after the last CRC byte is written. 


0=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


0=Side.number not tested 
1=Side number tested 


0=Update SSO to 0 
1=Update SSO to 1 


O=No delay between HLD activation and HLT Sampling 
1=15 ms delay between HLD activating and HLT Sampling 


0=Compare for side 0 
1=Compare for side 1 


Sector Length Field 
00 01 10 11 


256 512 1024 128 
128 256 512 1024 


0=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type Il and Ili Flag Summary 
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Type Ili Commands 


There are three Type I/l Commands: 
e READ ADDRESS—Read the next ID field (6 bytes) 
into the FDC. 
e READ TRACK—Read all bytes of the entire track, 
including gaps. 
e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 
Read Address 
Upon receipt of the Read Address commana, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 
TRACK SIDE 


SECTOR SECTOR | CRC] CRC 
ADDR NUMBER | ADDRESS | LENGTH 1 2 
a ee Se Se See col ee 


Although the CRC characters are transferred to the 
computer, the FDC176X checks for validity and the CRC 















GAP 3 
NO. 
SYNC 


INDEX DETECTED | 


INDEX AM 
DR=F6 WRITE 
3 TIMES MFM ONLY 


gai 


TRACK NUMBERS: 00-4A 


SINGLE SIDED: 
DOUBLE SIDED, 
DOUBLE SIDED. 


NUMBER = 00 
SIDE 0=00 
SIDE 1=01 


BYTES/SECTOR 
FM MFM 


128 256 
256 512 
512 1024 


SECTOR NO 





O1-1A 
01-0F 
01-08 


*DR=F5 WRITE 3 TIMES MFM ONLY 


error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. © 


Read Track 


Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 


This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read 
Gate is not activated during the command; no CRC 
checking is performed; gap information is included in 
the data stream; the internal side compare is not per- 


COMPLETE SECTOR 


GAP | GAP c2lFc GAP ID GAP DATA GAP ID GAP DATA GAP 
4 5 FA FIELD 1 2 FIELD 1 3 FIELD 2 2 FIELD 2 3 


2 BYTE CRC 
WRITTEN 
DR=FB OR=F7 
2 BYTES CRC WRITTEN 
DR=F7 


SECTOR LENGTH 


Figure 2. IBM 
Compatible Sector/Track Format 


512 
03 1024 





Table 3. Control Bytes For Initialization 





DATA PATTERN 
IN DR (HEX) 


00 thru F4 
FS 
F6 


Write 00 thru F4 with CLK = FF 
Now Allowed 

Not Allowed 

Generate 2 CRC bytes 


F7 
F8 thru FB 





Write FC with Clk = D7 
Write FD with Clk = FF 
Write FE, Cik = C7, Preset CRC 
Write FF with Clk = FF 


“Missing clock transition between bits 4 and 5 


FDC 176X INTERPRETATION 
IN FM (DDEN = 1) 


Write F8 thru FB, Clk = C7, Preset CRC 
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FDC 176X INTERPRETATION 
IN MEM (DDEN = 0) 


Write 00 thru F4, in MFM 
Write A1* in MFM, Preset CRC 
Write C2** in MFM 

Generate 2 CRC bytes 

Write F8 thru FB, in MFM 
Write FC in MFM 

Write FD in MFM 

Write FE in MFM 

Write FF in MFM 





**Missing clock transition between bits 3 and 4. 


formed; and the address mark detector is on for the 
duration of the command. Because the A.M. detector 
is always on, write splices or noise may cause the chip 
to look for an A.M. If an address mark does not appear 
on schedule the Lost Data status flag is set. The IDA.M., 
ID field, ID CRC bytes, DAM, Data, and Data CRC 
Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time 
because of synchronization. 


Write Track 


Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 
time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 


Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. Table 3 shows the 
definition of F5 through FE for disk intialization. 


aa Ls Pay 
PrsstelateTe po} comano _—] 
PTop DD. Pie] Fonce wreniver | 


READY TRANSITION-| © No eltect 


1 Forces INTRO when READY input goes low-to-high 


0 No effect 
NOT-READY TRANSITION 4 1 Forces INTRO when READY input goes high-to-low 


[0 No Effect 


INDEX PULSE“T 1 gorces INTRO on next INDEX pulse input 


0 No effect 
IMMEDIATE 1 Forces INTRO immediately 


Figure 3. 
Force Interrupt Command Flags 


Type IV Commands 

Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, lo-ls, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
“Not Busy”. Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 

If lo-l3 are all “O”, no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 

To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for |s=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-ls all low. 

It is necessary to wait 16 microseconds (double density) 
or 32 microseconds (single density) before issuing a 
new command after issuing a force interrupt. Loading 
a new command sooner than this will nullify the forced 
interrupt. 


Status Register 

The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type | Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 

The user has the option of reading the status register 
through program control or using the DRQ line with 
DMA or interrupt methods. When the Data register is 
read the DRQ bit in the status register and the DRQ line 
are automatically reset. A write to the Data register 
also causes both DRQ’s to reset. 

The busy bit in the status may be monitored with a user 
program td determine when a command is complete, in 
lieu of using the INTRQ line. When using the INTRQ, a 
busy status check is not recommended because a read 
of the status register to determine the condition of 
busy will reset the INTRQ line. 

Because of internal sync cycles, certain time delays 
must be observed when operating under programmed 
1/O. They are shown in Figure 3A. 


Read Busy Bit 
.| (Status Bit 0) 


Read Status 
.| Bits 1-7 


Read From Diff. 
Register 
Figure 3A. 
Observed delay during programmed 1|/O 





Delay Req'd. 
FM M 
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Figure 4A. Status Register Summary 


MM 
ee ee ee 
ALL TYPE! | Not Ready | Write Protect | Head loaded | Seek Error | CRC Error | Track | Index | Busy | 
READ SECTOR | NotReady | 0 Record Type | Rec not Found | CRC Error | Lost Data | ORQ | Busy _| 
WRITE SECTOR | NotReady | Write Protect_| Write Fault__| Rec not Found | CRC Error | Lost Data | DRQ | Busy | 
| DRQ_| 
| ORO _| 



















ms] 


EAD ADDRESS | NotReady | 0 | | Rec not Found | CRC Error 


READ TRACK Not Ready po host Data _| 
WRITE TRACK Not Ready | Write Protect | WriteFault | =o 


Figure 4B. Status Description for Type | Commands 


MEANING 


7 | NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 


PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 
and HLT signals. 


When set,.indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. ; 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


BUSY When set command is in progress. When reset no command is in progress. 





Figure 4C. Status Description for Type Ii and II! Commands 


NOT READY 





MEANING 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type II 
and II! Commands will not execute unless the drive is ready. 


6 | WRITE PROTECT| On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1=Deleted Data Mark. 0O= Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


4 | RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bitis reset 
FOUND (RNF) when updated. 
CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. , 


LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


1 DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


BUSY When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: . 
PARAMETER SYMBOL | MIN. | Typ. | MAX. | UNITS CONDITIONS 
| 


Write Data Pulse Width nsec FM 
- MFM 


Write Gate to Write Data FM 

MFM 
Write data cycle Time +CLK Error 
Early (Late) to Write Data MFM 
Early (Late) From | MFM 
Write Data 


Write Gate off from WD FM 
MFM 





WD Valid to Clk 
WD Valid after Clk 


WRITE GATE | 
-»| Twg JT ¢ —r| Twp |<» Twi jae 
WRITE DATA | | | 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ........... ccc cece cc cece cece ee ee eects eves ee seeeeeaenns 0°C to +70°C 


Storage Temperature RAnge ........ ccc ccc cece cece eee teen eee eeteeeeseeecenes —55°C to +150°C 
Lead Temperature (soldering, 10 SeC.) ....... ene c cece cece se cceeec ences eesecccccctsvreesvenens +325°C 
Positive Voltage on any Pin, with respect to ground ......... 0. ccc ce cee ce cence neces sence envens +15V 
Negative Voltage on any Pin, with respect to ground ........... ccc cc ccc cee cece teen t nese eeaas —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 

AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, Vec=+5V+5%, Vop=+12V+5% unless otherwise noted) 


PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
Input Voltage Levels 


Low Level, Vit 0.8 V 
High Level, Vin 2.6 V 
Output Voltage Levels 
Low Level Vor 0.45 V lo. =1.0 mA 
High Level Vou 2.8 V lon=100 pA 
Output Leakage, lLo 10 HA Vout= Vopo 
Input Leakage, Ii 10 yA Vin=Vpp 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Power Dissipation 600 mw 


AC CHARACTERISTICS 
Processor Read Timing 


Address Setup Time tsetr 50 ns Figure 5 
Address Hold Time tHLpr 10 ns Figure 5 
RE Pulse Width (CL=50pF) tre 400 ns Figure 5 
DRQ Reset Time tora’ 500 ns Figure 5 
INTRQ Reset Time tirr 1000 6000 ns Figure 5 
Data Delay Time (CL=50pF) toacc 350 ns Figure 5 
Data Hold Time (CL=50pF) toon 50 150 ns | Figure 5 
Microprocessor Write Timing 
Address Setup Time tsetw 50 ns Figure 6 
Address Hold Time tutpw 10 ns Figure 6 
WE Pulse Width twe 350 ns Figure 6 
DRQ Reset Time torr 500 ns Figure 6 
INTRQ Reset Time tirr 1000 6000 ns Figure 6 
Data Setup Time ~ tos 250 ns Figure 6 
Data Hold Time tou 70 ns Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width tow 100 200 ns Figure 7, See Note 
Clock Setup Time ta 40 ns Figure 7 See Note 
Clock Hold Time for MFM tea 40 ns Figure 7 
Clock Hold Time for FM tes 40 ns Figure 7 
RAWREAD Cycle Time toc 3000 ns 3600 at 70°C, Figure 7 
. . MFM 1.6 2 US Figure 7 
RCLK High Pulse Width EM ta 16 4 US Figure 7 
; MFM 1.6 2 US Figure 7 
3 MFM 4 Us Figure 7 
Miscellaneous Timing 
CLK Low Pulse Width tco1 460 500 20000 ns Figure 8 
CLK High Pulse Width tcp2 460 500 20000 ns Figure 8 
: MFM 4 Us Figure 8 
STEP Pulse Width EM tste 8 ye iauiree 
DIRC Setup Time toir 24 us Figure 8 
MR Pulse Width tur 50 US Figure 8 
IP Pulse Width tip 10 Us Figure 8 
WF Pulse Width twr 10 us Figure 8 
CLK Cycle Time tcyc 1.0 us Figure 8 


Figure 5. 32s (MFM) or 64us (FM) 
Microprocessor a] Tom f= 
Tea ——>| 


Read Timing 


DRQ 


DALo— DAL, 


Figure 6. 32ys (MFM) or 64us (FM) 
Microprocessor =| Tom - ‘ 
Write Timing 


DALo— DAL; 


Figure 7. 
Disk Input 
Timing 





RAWREAD 
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Note Pulse width on RAW READ (Pin 27) ts normally 10-300 ns However. pulse may be any width if pulse is entuely 
within window If pulse occurs in both windows. then pulse width must be less than 600 ns for MFMatCLK 1 MHz and 
1200 ns for FM at 1 MH2 


Figure 8. 
Miscellaneous 
Timing 
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DISK FORMATS 


Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 

IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 


IBM System 34 Format 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 


Non-IBM Formats 
































Gap 5 
(Post index) 


Writes C2 
Index AM 


Gap 1 


Writes A1 


iD AM 




































ek : Track Numb 
Unique (non-IBM) formats are permissible provid- ane (00-4¢) pee 
ing the following restrictions are understood. ~ sector Side Number 
e Sector length may only be 128, 256, 512, or O (00 or 01) 
1024 bytes. Sector Number 
e Gap sizes must conform to Figure 11. ee i 
In addition, the Index Address Mark is not required (256 Byles 
for operation by the FDC 176X. Gap 1, 3, and 4 Causes 2-Byte 
lengths can be as short as 2 bytes for FDC 176X CRC to be 
operation, however PLL lock up time, motor speed peda Pom 
variation, write-splice area, etc. willadd more bytes P P 
to each gap to achieve proper operation. It is me 
; rites Al 
recommended that the appropriate format be used 
for highest system reliability. 
Data AM 
Data Field 
Causes 2-Byte 
CRC to be 
Gap 5 Written 
(Post Index) Part of Gap 3 
(Data Gap) 
Index AM Gap 4 
Figure 10. (Pre Index) 
op Byte Sequence NOTES: 1, THIS PATTERN MUST BE 
for IBM System-34 WRITTEN 26 TIMES PER 
TRACK. 
ID AM Formatting 2. CONTINUE WRITING HEX 





Track Number 4E UNTIL FDC COMPLETES 

(00-4C) SEQUENCE AND GENERATES 
INTRQ INTERRUPT. 

Side Number 

(00 or 01) 










Sector Number 


























(01-1A) SINGLE DOUBLE 
Sector Length DENSITY DENSITY 
ONE (128 bytes) 16 — FF feteieade 
es es 
SECTOR Causes 2-Byte y x 
CRC to be 11 bytes FF 22 bytes 4F 
®@ Written 6 bytes 00 12 bytes 00 
Gap 2 (ID Gap) 3 bytes A1 
10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 
Data AM 
3 bytes Al 
Data Eiele 16 bytes FF 16 = 4E 
auses 2-Byte 
eae to be y NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
Figure 9. Written 2. THESE BYTES COUNTS ARE MINIMUM 
Byte Sequence 5 u ass EXCEPT FOR 3 BYTES Al, WHICH IS EXACT. 
art of Gap 
for IBM 3740 (Data Gap) Figure 11. Gap Size Limitations | 
Formatting Gap 4 


(Pre Index) 





NOTES: 1. THIS PATTERN MUST BE WRITTEN 26 TIMES PER TRACK. 
2. CONTINUE WRITING HEX FF UNTIL FOC COMPLETES 
SEQUENCE AND GENERATES INTRQ INTERRUPT 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
aSIMicts Biv nvnzga assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
is161273 3100 TWX 510-277 8663 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


We keep ahead of our competttion so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


310 


STANDARD MICROSYSTEMS 
——$-— 






Floppy Disk 
Controller/Formatter 
FDC 


FEATURES 


1) SOFT SECTOR FORMAT COMPATIBILITY 
L] AUTOMATIC TRACK SEEK WITH VERIFICATION 
L] ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
CL) READ MODE 
Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 
Selectable 128 Byte or Variable Length Record 
CL] WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 
Search 
Entire Track Write for Diskette Initialization 
L] PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 
CL) SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 
Status Information 
L] WRITE PRECOMPENSATION (MFM AND FM) 
CL] SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
CL] WINDOW EXTENSION (IN MFM) 


FDC 1791-02 
FDC 1792-02 
FDC 1793-02 
FDC 1794-02 
FDC 1795-02 
FDC 1797-02 


UPC FAMILY 


PIN CONFIGURATION 


“INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 
**MUST BE LEFT OPEN FOR FOC 1792 and FDC 1794 


PACKAGE: 40 pin D.LP. 





L] INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 
CL] COMPATIBLE WITH FD179X-02 
CL) COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
(] COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 


GENERAL DESCRIPTION 


The FDC 179X is an MOS/LS! device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 


This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8” and 5%” (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 


The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea- 
tures necessary to read/write and format a double 


density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 


The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 


The FDC 1792 operates in the single density mode only. 
Pin 37 (ODDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 


The processor interface consists of an 8 bit bidirectional 
bus for data, status, and contro! word transfers. This 
family of controllers is configured to operate on 
multiplexed bus with other bus-oriented devices. 
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DATA OUT 
BUFFERS 


WRITE DATA 
(TO DISK) 


AM 
DETECTOR 
CRC LOGIC 


COMPUTER CONTROL 
INTERFACE 
CONTROL 


eae 


INTRQ 


wmACV=ZOO 


mornvDmMAZ— 


Al 

cs 

WE 
LK 


SYSTEM BLOCK DIAGRAM ‘ei 


PLA 
CONTROL 
(230 x 16) 


FLOPPY DISK 
CONTROLLER/ 
FORMATTER 


FDC 179X BLOCK DIAGRAM 


CONTROL 


STATUS 
REG 


WG 
TG43 
WPRT 

WE/VFOE 

1B 
TROO 


DISK 
INTERFACE alSolths 


CONTROL STEP. 
DIRC 
EARLY 
LATE 
RG/SSO 
HLD 
HLT 


m<—-DO AMW-O <~VVOrA 


ONE SHOT 
(IF USED) 





DESCRIPTION OF PIN FUNCTIONS 





























PIN NO. NAME SYMBOL FUNCTION 
1 NO CONNECTION NC This pin is internally connected to the substrate bias generator and 
must be left open. 
20 GROUND Vss Ground 
POWER SUPPLY Vec +5V 
40 POWER SUPPLY Voo +12V 
19 MASTER RESET MR A logic low on this input resets the device and loads HEX 03 into 


the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 


COMPUTER INTERFACE: 








WRITE ENABLE A logic low on_this input gates data on the DAL into the selected 


register when CS is low. 





CHIP SELECT A logic low on this input selects the chip and the parallel 


data bus (DAL). 





3 
4 





A logic low on this input controls the placement of data from a 


READ ENABLE AC 
selected register on DAL@-DAL7 when CS is low. 











5,6 


24 


REGISTER SELECT 
LINES 


These inputs select the register to receive/transfer data on the DAL 
lines under RE and WE control: 


Status Reg Command Reg 


Track Reg Track Reg 
Sector Reg Sector Reg 
Data Reg Data Reg 














DATA ACCESS LINES Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792 


and FDC 1795. 








CLOCK This input requires a free-running square wave clock for internal 


timing reference, 2 MHz for 8” drives, 1 MHz for 5%" drives. 





38 





DATA REQUEST This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 

This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 


10K pull-up resistor to +5V. 
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INTERRUPT REQUEST This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 


pull-up resistor to +5V. 








FLOPPY DISK INTERFACE: 


STEP STEP Step and direction motor control. The step output contains a pulse 
for each step. 














16 DIRECTION DIRC Direction Output is active high when stepping in, active low when 
stepping out. 

17 EARLY EARLY | Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 

18 LATE LATE Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 

22 TEST TEST This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is assumed 


to be engaged. 





313 


> 
=z 
= 
— 
o 
iad 
(7) 





FUNCTION 


A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 


SIDE SELECT OUTPUT The logic level of the Side Select Output is directly controlled by 

(1795, 1797) the ‘S’ flag in Type II or III commands. When S=1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or II] command. It is 
forced to a logic 0 upon a MASTER RESET condition. 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 

The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


The HLD output controls the loading of the Read-Write head 
against the media. 


TRACK GREATER This output informs the drive that the Read/Write head is positioned 
THAN 43 between tracks 44-76. This output is valid only during Read and 
Write Commands. 


WRITE GATE WG This output is made valid before writing is to be performed 
on the diskette. 
WRITE DATA WD A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 


MFM formats. 


READY This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type | operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


WRITE FAULT/ WF/VFOE | This is a bi-directional signal used to signify writing faults at the 

VFO ENABLE drive, and to enable the external PLO data separator. When WG=1, 

Pin 33 functions as a WF input. If WF=0, any write command will 

immediately be terminated. When WG=0, Pin 33 functions as a 

VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 
until the end of the Data Field. 


This input informs the FDC179X when the index hole is encountered 
on the diskette. 
WRITE PROTECT WPRT _ | This input is sampled whenever a Write Command is received. 
. ee Bin terminates the command and sets the Write Protect 
tatus bit. 


37 DOUBLE DENSITY This pin selects either single or double density operation. When 
DDEN=0, double density is selected. When DDEN=1, single 
density is selected. This line must be left open on the 1792/4. 
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FUNCTIONAL DESCRIPTION 


The FDC 179X-02 major functional blocks are as follows: 


Data Shift Register— This 8-bit register assembles serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 


Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 


Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 


Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 


This register can be read onto the DAL, but not loaded 
from the DAL. 


CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) =x'®+x'2+x5+ 1. 


Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 


The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 


Arithmetic/Logic Unit (ALU)—The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 


Timing and Control—All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector—The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 


a A NS nN NE 
OPERATION 


FDC 1791, FDC 1793, FDC 1795 and FDC 1797 have two 
modes of operation according to the state of DDEN 
(Pin 37). When DDEN=1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 


DDEN must be left open for the FDC 1792 and FDC 1794. 





Disk Read Operation 


Sector lengths of 128, 256, 512 or 1024 are obtainable 
in either FM or MFM formats. For FM, DDEN should be 
placed to logical “1.” For MFM formats, DDEN should 
be placed to a logical “0.” Sector lengths are determined 
at format time by a special byte in the “ID” field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from 0 to 255 tracks. 
For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179xX is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of “00” or “FF” are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 
If WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 


On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 


Disk Write Operation 


When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 


Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt is generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 


For write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write data 
consists of a series of 500 ns pulses in FM (DDEN=1) 


and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 


Aiso during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC179X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 


On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 


COMMAND WORDS 


The FDC179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 


Table 1. Command Summary 


Read Sector 
Write Sector 
Read Address 
Read Track 
Write Track 
Force Interru 
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0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
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Type | Commands 


The Type | Commands are Restore, Seek, Step, Step-In, 
and Step-Out. Each of the Type | Commands contains a 
rate field (ror:), which determines the stepping moto 
rate as defined in Table 2. 


The Type | Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h=1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC179X receives 
a command that specifically disengages the head. If 
the FDC179X is idle (busy=O) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 


The Type | Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=O, no verification is performed. 


During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered |D field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, aninterrupt 


is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there isa match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u=1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 


On the FDC 1795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. . 


Restore (Seek Track 0) 


Upon receipt of this command the Track 00 (TROO) 
input is sampled. if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 16) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is loaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 








the Restore command is executed when MR goes from, 


an active to an inactive state. 


Seek 


This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 


Step 


Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


Step-In 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 


317 


Step-Out 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V fiag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 


Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and 0 of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or Ill command. 


The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 


Step — A 2 us (MFM) or 4 ys (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 


Direction (DIRC)—The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 us before the first stepping pulse 
is generated. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 





Table 2. Stepping Rates 


CLK: 2MHz 2MHz 1MHz %1MHz 2MHz~— 1 MHz 


DDEN: 0 1 0 1 X X 
ro TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0 


368us 
380ys 
396ys 
416ys 


6 ms 
12 ms 
20 ms 
30 ms 


184us 
190ps 
198ps 
208s 


6 ms 
12 ms 
20 ms 
30 ms 


3 ms 
6 ms 
10 ms 
15 ms 


‘3ms 
6 ms 
10 ms 
15 ms 





The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type | command if the h flag is 
set (n= 1), at the end of the Type | command if the verify 
flag (V=1), or upon receipt of any Type I! or II| command. 
Once HLD is active it remains active until either a Type | 
command is received with (n=O and V=0O); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 


HLD 


|<e—50 TO 100mS —a} 


HLT (FROM ONE SHOT) 


Head Load Timing 


When both HLD and HLT are true, the FDC 179X will then 
read from or write to the media. The “and” of HLD and 
HLT appears as a status bit in Type | status. 


TYPE | COMMANDS FLAG SUMMARY 


h=Head Load Flag (Bit 3) 
h=1, Load head at beginning 


h=0, Unload head at beginning . 
V=Verify flag (Bit 2) 


V=1, Verify on destination track 


V=0, No verify 
r1fo= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 


u= Update flag (Bit 4) 


u=1, Update Track register 
u=0, No update 


Type Il Commands 


The Type I! Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type Il command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, the FDC179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 








is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC179X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 


Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=O, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m=1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 


If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 


The Type Il commands also contain side select compare 
flags. When C=O, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a ‘b’ flag. The ‘b’ flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the ‘b’ flag should be set to a one. The 
‘s’ flag allows direct contro! over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 


Sector Length Table (1791/2/3/4 only) 


Number of Bytes 
in Sector (decimal) 


Sector Length 
Field (hex) 





Field Format 





GAP; ID | TRACK SIDE SECTOR | SECTOR | CRC | CRC | GAP| DATA CRC | CRC 
li | AM | NUMBER | NUMBER} NUMBER | LENGTH | 1 2 I) | AM | DATA FIELD 1 2 


ID FIELD DATA FIELD | 






In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 


Read Sector 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 


When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 


STATUS 
BIT 5 
1 Deleted Data Mark 
0 Data Mark 


COMMAND 


READ SECTOR 
WRITE SECTOR 





DATA ADDRESS MARK (a) 
F, (1791/3) SIDE COMPARE FLAG c)-{° 


F, (1795/7) SIDE SELECT FLAG (S) 


Write Sector 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 


ao Data Address Mark (Bit 0) 
1 Deleted Data Mark 
0 Data Mark 


The FDC179X then writes the data field and generates 
DRQ’s to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 


0=Write hex FB (data) into Data Address Mark field 
1=Write hex F8 (deleted data) into Data AM field 


=Side number not tested 
=Side number tested 


0=Update SSO to 0 
1=Update SSO to 1 


= No delay between HLD activation and HLT Sampling 
DELAY (E) a5 ms delay between HLD activating and HLT Sampling 


Fe (1791/3) SIDE SELECT FLAG (S) lt 


F2 (1795/7) SECTOR LENGTH FLAG (b) 1= 


MULTIPLE SECTORS (m) 


=Compare for side 0 
=Compare for side 1 


Sector Length Field 
00 01 10 11 


O= | 256 512 1024 128 
128 256 512 1024 


0=Read (or Write) Single Sectors 
1=Read (or Write) Multiple Sectors 


Figure 1. Type II and III Flag Summary 
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Type III Commands 


There are three Type III Commands: 
e READ ADDRESS—Read the next ID field (6 bytes) 
into the FDC. 
e READ TRACK—Read all bytes of the entire track, 
including gaps. 
e WRITE TRACK—Write all bytes to the entire track, 
including gaps. 
Read Address 
Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 
TRACK 


SIDE SECTOR SECTOR ae ke 
ADDR NUMBER a LENGTH 
es ee ae ae a ee) ree SCR 


Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 


INDEX DETECTED | 


DR=F6 WRITE 
3 TIMES MFM ONLY 


5 1 
| bat AM 


on | ID TRACK SIDE SECTOR | SECTOR re ie oe DATA | DATA crc | crc 
AM — NUMBER | NUMBER }| NUMBER | LENGTH AM FIELD 


od 


TRACK NUMBERS: 00-4A 


SINGLE SIDED: 
DOUBLE SIDED, 
DOUBLE SIDED, 


NUMBER=00 
SIDE 0=00 
SIDE 1=01 


SECTOR NO. BYTES/SECTOR 


*DR=F5 WRITE 3 TIMES MFM ONLY 


error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 


Read Track 


Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 


Write Track 


Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 


COMPLETE SECTOR 


¢ bara 
DATA 
¢ bara 


2 BYTE CRC 
WRITTEN 
DR=FB OR=F7 
2 BYTES CRC WRITTEN 
DR=F7 


SECTOR LENGTH 


0O= 128 
O1= 256 
02= 512 
03= 1024 


Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not. been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized wnen any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 


Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 


The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 


Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 


COMMAND 


FORCE INTERRUPT 


READY TRANSITION 


INDEX PULSE 


O=No effect 
1=Forces INTRQ immediately 


IMMEDIATE 


Type IV Commands 


Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 


The four bits, lo-lz, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
“Not Busy”. Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 


If lo-l3 are all “O”, no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 


To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for ls=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with lo-ls all low. 


Status Register 


The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type | Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 


O=No effect 
1=Forces INTRQ when READY input goes low-to-high 


NOT-READY Transition] $=N° effect 


1=Forces INTRQ when READY input goes high-to-low 


O=No Effect 
1=Forces INTRQ on next INDEX pulse input 


Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 














ON Se eee aa a Ee ae ee 
ALL TYPE | Not Ready Write Protect Head Loaded CRC Error 







Not Ready | 0 | Record Type _| Rec not Found | CRC Error | Lost Data | DRQ | Busy | 
WRITE SECTOR __|_NotReady | Write Protect_| Write Fault | Rec not Found | CRC Error | Lost Data | DRQ | Busy | 
READ ADDRESS | NotReady | 0 | | Recnot Found | CRC Error | LostData | DRQ | Busy | 
NotReady | oo =f S| TT host Data | RQ | Busy | 
Not Ready | Write Protect | Write Fault_ | 9 ~~ | os tost Data | DRQ | Busy | 





Figure 4B. Status Description for Type | Commands 

















NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 
6 | PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD 
and HLT signals. j 


SEEK ERROR When set, the desired track was not verified. This bit is reset to O when updated. 


CRC ERROR CRC encountered in ID field. 


TRACK 00 When set, indicates Read/Write head is 


of the TROO input. 


INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. , 


BUSY When set command is in progress. When reset no command is in progress. 


positioned to Track 0. This bit is an inverted copy 
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Figure 4C. Status Description for Type II and II] Commands 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type Il 
and Ill Commands will not execute unless the drive is ready. 


S6 | WRITE PROTECT] On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


S5 | RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1=Deleted Data Mark. O=Data Mark. On any Write: It indicates a Write Fault. This bit is 

, reset when updated. 

S4 | RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
FOUND (RNF) when updated. 

CRC ERROR If S4 is set, an error is found in one or.more ID fields; otherwise it indicates error in data 


field. This bit is reset when updated. 


S2 | LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is . 
reset to zero when updated. 

Si | DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 

BUSY When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 


PARAMETER SYMBOL | MIN. | TYP. | MAX. | UNITS CONDITIONS 


Write Data Pulse Width FM 


MFM 

Write Gate to Write Data FM 

MFM 
+CLK Error 


' MFM 
Early (Late) From MFM 
Write Data 
Write Gate off from WD 


Write data cyle Time 
Early (Late) to Write Data 


FM 


MFM 
WD Valid to Clk CLK=1 MHZ 


CLK=2 MHZ 
WD Valid after Clk CLK=1 MHZ 


CLK=2 MHZ 





These values are doubled when CLK=1 MHz. 


Write Data Timing 
WRITE GATE | 


>| Twg |< T,,, ——a| Twp |<» Tw fete 
WRITE DATA | | | 


> 
=z 
4 
E 
oO 
tu 
ic) 





Twd1 —>| 


WRITE DATA/CLOCK RELATIONSHIP 
(DDEN=0) 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range: 2.0224 626 asec da deka eeiya teegs Ceeee ten eedea cade seenaees 0°C to +70°C 
Storage Temperature Range ............ eee eee eens oe ota an endeg sah dh cube aeiecatey a dwhW in bid oie 5, es beate —55°C to + 150°C 
Lead Temperature (Soldering, 10 SEC.) 2... kee ccc ccc cece eee eee ee ene eee nent teen eens +325°C 
Positive Voltage on any Pin, with respect to Ground ......... cc ec cc eect cee eee tence eee ee eens +15V 
Negative Voltage on any Pin, with respect to Ground ....... cece cece eee cee eee e eee e tence ee eees —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vec=+5V+5%, Vop=+12V+5% unless otherwise noted) 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 

Input Voltage Levels 


Low Level, Vit 0.8 V 
High Level, Vin 2.6 V 
Output Voltage Levels 
Low Level Vor 0.45 V lo.=1.6 mA 
High Level Vou 2.8 V lon=100 pA 
Output Leakage, lio 10 yA Vour=Voo 
Input Leakage, In 10 uA Vin=Voo 
Output Capacitance 5 pf 
Input Capacitance 10 pf 
Power Dissipation 500 mw 
AC CHARACTERISTICS 
Processor Read Timing 
Address Setup Time tserr 50 ns Figure 5 
Address Hold Time tHLpr 10 ns Figure 5 
RE Pulse Width (CL=50pF) tre 400 ns Figure 5 
DRQ Reset Time torr 500 ns Figure 5 
INTRQ Reset Time tinr 500* 3000* ns Figure 5 
Data Delay Time (C.=50pF) toace 350 ns Figure 5 
Data Hold Time (CL=50pF) toox 50 150 ns Figure 5 
Microprocessor Write Timing 
Address Setup Time tsetw 50 ns Figure 6 
Address Hold Time tHLow 10 ns Figure 6 
WE Pulse Width twe 350 ns Figure 6 
DRQ Reset Time torr 500 ns Figure 6 
INTRQ Reset Time tinr 500* 3000* ns Figure 6 
Data Setup Time tos 250 ns Figure 6 
Data Hold Time ton 70 ns Figure 6 
Disk Input Data Timing 
RAWREAD Pulse Width tow 100* 200 ns Figure 7, See Note 
Clock Setup Time ta 40 ns Figure 7 See Note 
Clock Hold Time for MFM tea 40 ns Figure 7 
Clock Hold Time for FM tes 40 ns Figure 7 
RAWREAD Cycle Time my the 4 ns 1800 saat C, Figure 7 
: : . 1* Us igure 7 
RCLK High Pulse Width EM ta 0.8 * us Figure 7 
RCLK Low Pulse Width = MAM te ae a ae Figure us 
: MFM 2* Us Figure 7 
RCLK Cycle Time EM te 4" US Figure 7 
Miscellaneous Timing 
CLK Low Pulse Width tep1 230 250 20000 ns Figure 8 
CLK High Pulse Width sen tep2 200 250 20000 ns Figure 8 
. 2* US Figure 8 
DIRC Setup Time tor 12 us Figure 8 
MR Pulse Width tma 50* US Figure 8 
IP Pulse Width tip 10° Us Figure 8 
WF Pulse Width twe 10° Us Figure 8 
CLK Cycle Time tere 0.5* us Figure 8 


*: These Values are doubled when CLK=1 MHz. 


Figure 5. 


us * (MFM) or 32ys * (FM) 


16, 
Microprocessor —e| Tom e 


Tinn———> 


Read Timing 


DALo—DALz 


Figure 6. 
Microprocessor = Soe (FM) 
Write Timing 


DALo— DAL; 


Figure 7. 
Disk Input 
Timing RAWREAD 


Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be tess than 300 ns for MFM at CLK =2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 


Figure 8. 
Miscellaneous 
Timing 


STEP IN 


[stone b— Tow 
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DISK FORMATS 


Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 


{BM 3740 Format 


This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 


IBM System 34 Format 


This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 


Non-IBM Formats 


Unique (non-!BM) formats are permissible provid- 
ing the following restrictions are understood. 


® Sector length may only be 128, 256, 512, or 
1024 bytes. 


@ Gap sizes must conform to Figure 11. 


COMMENTS 


{Post tndex) 


Index AM 


Gap 1 


1D AM 


Track Number 
(00-4C) 


Side Number 
(00 or 01) 


Sector Number 

(01-1A) 

Sector Length 

128 bytes 
ONE ( ytes) 


Causes 2-Byte 
SECTOR CRC to be 
@ Written 


Gap 2 {1D Gap) 


Data AM 
Data Field 
Causes 2-Byte 
CRC to be 
Written 
Part of Gap 3 
(Data Gap) 
Gap 4 

Figure 9. (Pre Index) 





Byte Sequence = ores: 1, THIS PATTERN MUST BE 

for IBM 3740 WRITTEN 26 TIMES PER TRACK. 

Formatting 2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT 


Figure 10. 
Byte Sequence NOTES: 1. THIS PATTERN MUST BE 
for IBM System-34 
Formatting 2. CONTINUE WRITING HEX 


11 bytes FF 22 bytes 4F 
6 bytes 00 12 bytes 00 
. 3 bytes Al 



































DATA 
BYTE Beco COMMENTS 
(hex) 


Gap 5 
(Post Index) 


Writes C2 
Index AM 


Gap 1 


Writes A1 





ID AM 
Track Number 
(00-4C) 

Side Number 
(00 or 01) 
Sector Number 
(01-1A) 

Sector Length 
(256 Bytes) 


Causes 2-Byte 
CRC to be 
Written 


Gap 2 (ID Gap) 


ONE 
SECTOR 


@ 


Writes A1 


Data AM 
Data Field 


Causes 2-Byte 
CRC to be 
Written 


Part of Gap 3 
(Data Gap) 
Gap 4 

(Pre Index) 





WRITTEN 26 TIMES PER 
TRACK. 


4E UNTIL FOC COMPLETES 


SEQUENCE AND GENERATES 
INTRQ INTERRUPT. 


SINGLE DOUBLE 
GAP DENSITY DENSITY NOTE 
(FM) (MFM) 


16 bytes FF 16 bytes 4E 






Gap 3 10 bytes FF 16 bytes 4E 
4 bytes 00 8 bytes 00 
3 bytes A1 
Gap 4 16 bytes FF 16 bytes 4E [ho te 


NOTES: 1. THESE BYTES COUNTS ARE EXACT. 
2. THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES A1, WHICH IS EXACT. 


Figure 11. Gap Size Limitations 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION 


information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


35 Marcus Bivd.. Hauppauge, NY 11788 


assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


(516) 273-3100 Twx-510-227-8808 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS FDC 9216 


FDC 9216B 


UPC FAMILY 
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Floppy Disk Data Separator 
FDDS 


FEATURES . 
L) PERFORMS COMPLETE DATA SEPARATION 
FUNCTION FOR FLOPPY DISK DRIVES 


[.] SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 


LJ ELIMINATES SEVERAL SSI AND 
MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 


LINO CRITICAL ADJUSTMENTS REQUIRED 


REFCLK 

L] COMPATIBLE WITH STANDARD 
MICROSYSTEMS’ FDC 1791, FDC 1793 AND GND 
OTHER FLOPPY DISK CONTROLLERS 


LI SMALL 8-PIN DUAL-IN-LINE PACKAGE 
L)+5 VOLT ONLY POWER SUPPLY 
CL) TTL COMPATIBLE INPUTS AND OUTPUTS 


PIN CONFIGURATION 


DSKD 
SEPCLK 





GENERAL DESCRIPTION 


The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 


package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 


The FDC 9216 is available in two versions; the FDC 9216, 
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The FDDS consists primarily of a clock divider, a long- 
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-In-Line 


CLOCK 
DIVIDER 


which is intended for 5%" disks and the FDC 9216B for 
5%" and 8” disks. 


DATA/CLOCK 
SEPARATION 


EDGE 
DETECTION 
LOGIC 


LOGIC 


FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 





DESCRIPTION OF PIN FUNCTIONS 


a 


Disk Data DSKD Data input signal direct from disk drive. Contains combined 
clock and data waveform. 

Clock signal output from the FDDS derived from floppy 
disk drive serial bit stream. 

Reference clock input 

Ground 

CD0 and CD1 control the internal clock divider circuit. The 
internal clock is a submultiple of the REFCLK according to 
the following table: 


CD1 Cbo 
























Separated Clock SEPCLK 

















REFCLK 
GND © 
CDO, 
CD1 


Reference Clock 
Ground 
Clock Divisor 





Divisor 













Separated Data 
Power Supply 





SEPD is the data output of the FDDS 
+5 volt power supply 


FIGURE 1 
TYPICAL SYSTEM CONFIGURATION 
(5%" Drive, Double Density) 


4 MHz CRYSTAL 
OSCILLATOR 


REFCLK aepp | REGENERATED DATA RAW READ a 


FLOPPY 


DISK visiceas DSKD FDC 9216 FDC 1791 or Equiv. 


FLOPPY DISK CONTROLLER 


DRIVE DERIVED CLOCK 


SEPCLK RCLK 


CbDO CD1 


GND GND 
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OPERATION 


A reference clock (REFCLK) of between 2 and8 MHz 
is divided by the FDDS to provide an internal clock. 
The division ratio is selected by inputs CD0 and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 


The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide the SEPARATED CLOCK output. 





Separate short and long term timing correctors 
assure accurate clock separation. 


The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may bea 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 


The reference clock (REFCLK) is divided to provide 
the internal clock according to pins CDO and CD1. 


TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 


DRIVE DENSITY REFCLK 
(8" or 5%") (DD or SD) MHz CD1 


Select either one 


Select either one 





Select any one 


oo- O20 020 0 
o-0O0 O- O- O 


FIGURE 2 


INTCLK 


Se SS 


always two internal clock cycles 
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SECTION VI 


MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....... cece ccc ccc cece cece teen eee eee ee ee sees eeennes 
Storage Temperature Range .......... cece cece cece eect e eee e eee ee ee teneeneneeeees 


Lead Temperature (soldering, 10 Sec.) ............ cece eee aside sale akn ew Suhis Wea ors Wheto seshacavoce, ohasBialolace te Stee +325°C 
Positive Voltage on any Pin, with respect to ground ........ cc cece cece eee erent eee reece sentence +8.0V 
—0.3V 


Negative Voltage on any Pin, with respect to ground .......... cc cece eee c eee e eee eee eee lee beware 
“Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or “glitches” on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vop=+5V +5%, unless otherwise noted) | 


Comments 


Notice: This; IMINARY 
oS : + USS not a tj eres enh 
ome parametric limits ae subjen ication. a 
eo change. 





















Parameter 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level Vit 
High Level Vin 
OUTPUT VOLTAGE LEVELS 
Low Level Vor 
High Level Vou 
INPUT CURRENT 
Leakage lit 
INPUT CAPACITANCE 
All Inputs 
POWER SUPPLY CURRENT 
lbp 
A.C. CHARACTERISTICS 
Symbol 
fey REFCLK Frequency 
fey REFCLK Frequency 
tekH REFCLK High Time 
tek REFCLK Low Time 
tspon REFCLK to SEPD “ON” Delay 
tsporF REFCLK to SEPD “OFF” Delay 
tspck REFCLK to SEPCLK Delay 
tout DSKD Active Low Time 
DSKD Active High Time 




























lo-=1.6mA 
lon=—100 pA 


O<Vin=Vpp 


FDC 9216 
FDC 9216B 





to.H 





FIGURE 3: AC CHARACTERISTICS 


SEPCLK 
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STANDARD MICROSYSTEMS FDC 3400 


Floppy Disk 
Hard Sector Data Handler 
HSDH 


FEATURES 


O Hard-Sectored Operation — performs all data 
operations 


C) Single or Double Density Operation— 
recording code independent 


0 Minifloppy or Standard Floppy compatible 

C1] Programmable Sync Byte 

CJ Internal Sync Byte Detection and Byte Framing 

OH Fully Double Buffered 

0 Data Overrun/Underrun Detection 

C0 Dual Disk Operation — Write on one disk drive 
while simultaneously reading from another 

0 Tri-State Output Bus for processor 
compatibility 

1 TTL Compatible Inputs and Outputs 


PIN CONFIGURATION 


1 

2 
3 
4 
5 
6 
7 
8 





SECTION VI 


GENERAL DESCRIPTION 


The FDC3400 is an MOS integrated circuit which 
simplifies the data interface between a processor —Mé a = 
and a floppy disk drive. During a write operation, 
the HSDH receives data from the processor 

and shifts it out bit-serially to the floppy disk data 
encoding logic. Similarly, during a read operation 
the HSDH receives a bit-serial stream of read 

data from the floppy disk data separator, | 
establishes byte synchronization by detecting 

the sync byte, and transfers data on a byte by 


byte basis to the processor. 


The HSDH detects data overrun and underrun 
conditions and indicates these conditions on its ——— er ] 
status lines. A data underrun causes write data 


to be written onto the disk from a special — 
programmable fill register until new data is 


entered into the write data buffer or until the ee 
write operation is ended. 
Separate read and write data registers permit is el 


simultaneous read and write operations on two y 
different drives for enhanced system throughput. 


The HSDH is fully double buffered and all inputs | 
FS RRRTOATE RTE roe rr 





and outputs are TTL compatible. 
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DESCRIPTION OF OPERATION 


Prior to reading or writing on the disk, the read/write 
head must be positioned and loaded onto the desired 
track. 


Write Operation 


The Write Clock is set at the desired bit rate (usually 
125, 250, or 5S0OKHz), and the desired fil! byte is written 
into the Write Fill Register. After the external logic 
makes the write enable to the drive active, the first 
byte to be written should be loaded into the Write Data 
Register. This byte is then loaded into the Write Output 
Register and shifted out bit serially to the external write 
encoding logic. The first bit shifted out of each byte 
is the LSB. Whenever a byte is transferred from the 
Write Data Register to the Write Output Register, Write 
Data Request becomes active and requests another 
byte from the processor. If new data is not loaded into 
the Write Data Register before the Write Output Reg- 
ister becomes empty, then the Write Output Register 
is loaded with data from the Write Fill Register and 
the Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 


Read Operation 


The Read Clock is set at the desired bit rate (usually 
125, 250, or 500KHz) and the desired sync byte is 
loaded into the Syne Byte Register. When the pro- 
cessor wishes to read a sector of data it causes a 
transition on the Read Gate input to set the read 
logic into a sync byte search mode. In the search 
mode the serial read data bit stream is examined on 
a bit by bit basis until a sync byte is found. A sync 
byte is found, by definition, when the contents of the 
Sync Byte Register and the Read Input Register are 
identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 


byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is 
made active high for each byte. The processor re- 
sponds to each Read Data Request by enabling the 
output bus with Read Data Enable, reading the data 
byte from the Read Data Register, and resetting Read 
Data Request by pulsing Read Data Request Reset. 
If the processor fails to respond to Read Data Request 
within one byte time, the Read Data Lost status line is 
set. When the processor has read the required amount 
of data it may reset Read Gate to an inactive-high level. 


System Operation — Additional Features 
Automatic Sector Fill 


In some applications, such as the end of a logical file, 
the system buffer may contain less than a full sector 
of data. In this case the processor need supply only 
this data to the FDC3400. The FDC3400 will then under- 
run, setting the Write Data Underrun Status line and 
thereby causing the remainder of the sector to fill with 
bytes taken from the Write Fill Register. This operation 
continues until the processor returns the disk’s write 
enable signal to an inactive level. 


Byte Search 


After byte synchronization has been established during 
a read operation, the processor may load a different 
byte into the Sync Byte Register. Whenever that byte 
occurs in the data being read, the Sync Byte Detected 
status line will go high. This feature permits the pro- 
cessor to search for the occurence of a specific byte 
while reading a sector. 


Multiple Byte Synchronization 


Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these ap- 
plications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 


FLOW DIAGRAM — WRITE DATA 


TURN POWER ON 
APPLY WCK 
SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS 


SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES — 





PULSE WDS 


WRITE 1 BIT 






HAS A 


NO FULL BYTE 


YES 


LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
D 









BEEN WRITTEN 
? 


SET NEXT DATA 
BYTE ONTO WRITE 
DATA INPUT LINES ~ 


PULSE WDS 
WDR = 0 





NO 


LOAD WRITE OUTPUT 
REGISTER FROM WRITE 


FILL REGISTER 
WDU = 1 
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FLOW DIAGRAM — READ DATA 





TURN POWER ON 
APPLY RCK 

SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS 
PULSE RG- SETS READ LOGIC INTO SYNC BYTE 

SEARCH MODE, RDR = RDL = SBD =0 







SHIFT 1 BIT INTO THE READ INPUT REGISTER 










ARE THE 

CONTENTS OF THE READ 

INPUT REGISTER IDENTICAL TO 

THE CONTENTS OF THE 

SYNC BYTE REGISTER 
? 









SET THE READ LOGIC INTO 
THE BYTE MODE, SBD = 1 









TRANSFER THE CONTENTS OF THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 






SHIFT 1 BIT INTO THE READ INPUT REGISTER 










HAS A 

COMPLETE BYTE 

BEEN RECEIVED 
2 














EXAMINE RDL, SBD 
SET CONTENTS OF READ 
DATA REGISTER ONTO 

READ DATA OUTPUT LINES 
VIA RDE.PULSE RDRR, ROR = 0 















ARE THE 

CONTENTS OF THE READ NO 

(NPUT REGISTER IDENTICAL TO THE SET SBD = 0 

CONTENTS OF THE SYNC 

BYTE REGISTER 
9 


YES 





SET SBD =1 





YES NO 
SET RDL =0 IS RDR =0 SET RDL = 1 
? 
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PIN NO. 


7-14 


23 


24 


27-34 


35 


36 


SYMBOL 


RCK 
RDRR 


RDL 


RD7-RD@ 


WDR 


WD 


GND 
WDU 


2|<sjZ 
a}8 {oO 


WD0-wWD7 


SBD 


DESCRIPTION OF PIN FUNCTIONS 


NAME 


Read Data 
Read Clock 


Read Data 
Request Reset 


Read Data 
Enable 

Read Data 
Request 

Read Data Lost 


Read Data 
Output 






ieee aoe So ete 
Power Supply 
aaa ee 


Write Data 
Request 


Write Data 


Write Data 
Underrun 





Power Supply 
Write Data | 
Input 


Read Gate 


Sync Byte 
Detected 





FUNCTION 
The Read Data input accepts the serial data stream 
from the floppy disk data separator. 
The negative-going edge of the Read Clock input 
shifts Read Data into the Read Input Register. 
Anactive-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 
An active-high level on the Read Data Enable line 
gates the outputs of the Read Data Register onto the 
Read Data Output lines. 
The Read Data Request output is made active-high when 
an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 
The Read Data Lost output is made active-high, if the 
byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 
When enabled by RDE the tri-state Read Data Output 
lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RDG lines 
are held at a high-impedance state. 
Not Connected 
+5 volt supply 
Not Connected 
The Write Data Request output is made active-high 
when the Write Data Register becomes empty and 
requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the disk and the WDU line is 
made active high. 
The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 
Ground 


The Write Data Underrun output is set active-high when 
the processor fails to respond to the WDR signal 

within one byte time. When WDU occurs the data 
written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 


—12 volt supply 


The Write Data {Input lines present information to the 
Write Data Register, the Write Fill Register, and the 
Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD9. 

This input should be pulsed to a high-level after 

power turn on to reset RDR, SBD, and RDL to aninactive- 
low level. The high-to-low transition of RG setsthe read 
logic into the sync byte search mode. In this mode 

the serial Read Data stream is examined on a bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 

the Read Data Register. 


The Sync Byte Detected output is set active-high each 
time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is not a sync byte. 
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DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME FUNCTION 


37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which 
Strobe loads the byte on the WD@-WD7 lines into the Write 
Fill Register. 


38 WCK Write Clock Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 
39 WDS Write Data The Write Data Strobe is an active-high input strobe 
Strobe which loads the byte on the WD8-WD7 lines into the 
Write Data Register. 
40 SBS Sync Byte The Sync Byte Strobe is an active-high input strobe 
Strobe which loads the byte on the WD@-WD7 lines into the 


Sync Byte Register. 





ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 





WRITE DATA 
WCK 
OUTPUT  Troo Teor UNITS 
Sei ace WDR NA 2.0 uS 
WDU 1.0 1.5 us 
OUTPUT WD 1.0 1.0 us 





> 
<4 
= 
= 
oO 
as 
ie] 





READ DATA 






RCK 







Vit 
OUTPUT Troo Tro, UNITS 


RDR NA 1.5 us 

ee RDL 2.0 2.5 us 
-OUTPUT SBD 2.0 2.5 us 
RD£-RD7 =. 2.5 2.5 PS) 





RCK 


MIN. TIMING FDC3400 FDC3400-1 UNITS 


tery 4.0 2.0 uS 
tou 1.0 0.5 uS 
RD to. 2.0 1.0 uS 
tov 1.4 0.9 us 
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HSDH TIMING DIAGRAM 


|~_———— paTa BYTE —-———> | +_—_DaTA ByTE——_—> ] «FILL BYTE ———+ | 


‘ 
{ 
1 
1 
—_— 
q 
1 


t 
\ 


-<—_—+—— DATA BYTE | ++ + DATA BYTE ———_—_» 


NOTE 1 

The Write Output Register is 
loaded with the next byte at the 
positive clock transition cor- 
responding to the leading edge 
of the last bit of the current byte 
on the WD output. WDR is set 
high approximately two micro- 
seconds after this clock tran- 
sition. If it is desired that the 
next byte be extracted from the 
Write Data Register the leading 
edge of the WDS should occur 
at least one microsecond prior 
to this clock transition. 


NOTE 2 


In order to avoid an RDL indi- 
cation the leading edge of the 
RDRR pulse should occur at 
least one microsecond prior to 
the negative clock transition 
corresponding to the center of 
the first bit after the last bit 

of the previous byte on the 

RD input. 
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NOTE 3 


The RDL, SBD and RDO-RD7 
output are Set to their correct 
levels approximately two micro- 
seconds after the negative 
clock transition corresponding 
to the center of the first bit after 
the last bit of the previous byte 
on the RD input. The RDR 
output is set high at the next 
negative clock transition. 





MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range... ... ice ccc cece ee eee e eee ee eet eee et nenens 0°C to +70°C 
Storage Temperature Range... ..... cc ec cece cee cee ener ene nett tes teteetetnes —55°C to + 150°C 
Load Temperature (soldering, 10 SEC.).. 0... ccc cece ee ence een eee teens neeeucenes + 325°C 
Positive Voltage on any Pin, Veco... cc ce te eee teen eee e tet bebe e ene te eens +0.3V 
Negative Voltage on any Pin, Veo... cee ct eee ee ee en ene cnet e neta bee eneeeneees —25V 





*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, Vec= +5V +5% Voo= —12V+5%, unless otherwise noted) 


Parameter Conditions 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low-level, Vi. 
High-level, Vin 


OUTPUT VOLTAGE LEVELS 
Low-level, Vo 
High-level, Vox 


INPUT CURRENT 
Low-level, Ii 


OUTPUT CURRENT 
Leakage, lio 
Short circuit, los** 


INPUT CAPACITANCE 
All inputs, Cin 

OUTPUT CAPACITANCE 
All outputs, Cour 


POWER SUPPLY CURRENT 


lec 


lo=1.6mA 
lou = — 00nA 


See note 1 


RDE= Vi, 0 = Vou = +5V 
our =OV 


Vin= Vee, f= 1MHz 
RDE=Vu, f=1MHz 


All outputs = Vox 





loo — 
S 
A.C. CHARACTERISTICS Tra= +25°C 5 
CLOCK FREQUENCY RCK, WCK ” 
RCK, WCK, FDC3400-1 
PULSE WIDTH 
Clock RCK, WCK 
RCK, WCK, FDC3400-1 
Read Gate RG 
Write Data Strobe WDS 
Fill Byte Strobe FBS 
Sync Byte Strobe SBS 
Read Data Request Reset RDRR 
INPUT SET-UP TIME 
Write Data Inputs WD#-WD7 
INPUT HOLD TIME 
Write Data Inputs WD9-WD7 
STROBE TO OUTPUT DELAY Load = 20pf+1 TTL input 
Read Data Enable RDE: Tro, Treo 
OUTPUT DISABLE DELAY RDE 


**Not more than one output should be shorted at a time. 


NOTES: 
1. Under steady state condition no current flows for TTL or MOS interfacing. 

A switching current of 1.6mA maximum flows during a high to low transition of the input. 
2. The tri-state output has 3 states: 

1) low-impedance to Vcc 

2) low-impedance to GND 

3) high-impedance OFF = 10M ohms 

The OFF state is controlled by the RDE input. 
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TYPICAL CCC 3500 INTERFACE TO PROCESSOR AND CASSETTE/CARTRIDGE DRIVE 
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STANDARD MICROSYSTEMS 
——— 





CCC 3500 


[LPC FAMILY 


Cassette/Cartridge Data Handler 
CCDH 


FEATURES 


LH Facilitates Magnetic Tape Cassette or 
Cartridge to Processor Interfacing 

C] Performs All Data Operations 

Co Up to 250K bps Data Transfer Rate 

C1 Recording Code Independent 

C1 Compatible with Standard and Mini Cassettes 

CL] Compatible with Standard and Mini 3M-type 
Cartridges 

CJ Read-While-Write Operation for Write 
Verification In Dual Gap Head Systems 

CX) Programmable Sync Byte 

C] Internal Sync Byte Detection and Byte Framing 

C1 Fully Double Buffered 

(1) Data Overrun/Underrun Detection 

1 Tri-State Output Bus for Processor 
Compatibility 

C1 TTL Compatible Inputs and Outputs 


GENERAL DESCRIPTION 


The CCC 3500 is an MOS integrated circuit which 
simplifies the data interface betweena 
processor and a magnetic tape casseite or 
cartridge drive. During a write operation the 
CCDH receives data from the processor and 
shifts it out bit serially to the cassette/ cartridge 
data encoding logic. Similarly during a read 
operation the CCDH receives a bit-serial stream 
of read data from the cassette/cartridge data 
recovery circuit, establishes byte synchroniza- 
tion by detecting the sync byte, and transfers 
data on a byte by byte basis to the processor. 


The CCDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes data froma 
special programmable fill register to be written 
onto the cassette/cartridge until new data is 
entered into the write data buffer or until the 
write operation is ended. 


Separate read and write data registers permit 
simultaneous read and write operations. Drives 
with dual gap heads may utilize this read-while- 
write feature for write data verification thereby 
enhancing system throughput and reliability. 
The CCDH is fully double buffered and all inputs 
and outputs are TTL compatible. 


FUNCTIONAL BLOCK DIAGRAM 


woO8. 
wo? WRITE DATA BUS 


wou 
WOR 
WCK —, 


Es 
LOGIC 





a 
WAITE. ouTeul 


Ea ort 
eee READ INPUT 
REGISTER 


PIN CONFIGURATION 


1 

2 
3 
4 
5 
6 
7 
8 





PACKAGE: 40-Pin D.I.P. 


SECTION VI 


WRITE | MESES WRITE FILL 
| MESES STER TT 


SYNC BYTE 
REGISTER 





READ BIT 
COUNTER 
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DESCRIPTION OF OPERATION 


Write Operation 


After power-on, the Write Clock is set at the desired bit 
rate and the desired fill byte is written into the Write 
Fill Register. After the external control logic has 
caused the tape to come up to operating speed and 
activated the write enable signal, the first byte to be 
written should be loaded into the Write Data Register. 
This byte is then loaded into the Write Output Register 
and shifted out bit serially to the external write en- 
coding logic. The first bit shifted out of each byte is 
the LSB. Whenever a byte is transferred from the Write 
Data Register to the Write Output Register, Write Data 
Request becomes active and requests another byte 
from the processor. If new data is not loaded into the 
Write Data Register before the Write Output Register 
becomes empty, then the Write Output Register is 
loaded with data from the Write Fill Register and the 
Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 


Read Operation 


After power-on, the desired sync byte is loaded into 
the Sync Byte Register. After the external control logic 
has initiated forward motion and the tape has come up 
to operating speed, the processor produces a positive- 
to-negative transition on the Read Gate input to set the 
read logic into the sync byte search mode. In the 
search mode the serial read data bit stream is ex- 
amined on a bit by bit basis until a sync byte is found. 
A sync byte is found, by definition, when the contents 
of the Sync Byte Register and the Read Input Register 
are identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 
byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is made 
active high for each byte. The processor. responds to 


FLOW DIAGRAM — 


TURN POWER ON 
APPLY WCK 


each Read Data Request by enabling the output bus 
with Read Data Enable, reading the data byte from 
the Read Data Register, and resetting Read Data 
Request by pulsing Read Data Request Reset. If the 
processor fails to respond to Read Data Request within 
one byte time, the Read Data Lost status line is set. 
When the processor has read the required amount of 
data it may reset Read Gate to an inactive-high level 
and stop tape motion. 


System Operation — Additional Features 
Automatic Block Fill 


In some applications, such as the end of a logical file, 
the system buffer may contain less than a full block 
of data. In this case the processor need supply only 
this data to the CCC 3500. The CCC 3500 will then 
underrun, setting the Write Data Underrun Status line 
and thereby causing the remainder of the block to fill 
with bytes taken from.the Write Fill Register. This op- 
eration continues until the processor returns the drive’s 
write enable signal to an inactive level. 


Byte Search 


After byte synchronization has been established dur- 
ing a read operation, the processor may load a differ- 
ent byte into the Sync Byte Register. Whenever that 
byte occurs in the data being read, the Sync Byte De- 
tected status line will go high. This feature permits the 
processor to search for the occurrence of a specific 
byte while reading a block. 


Multiple Byte Synchronization 


Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these 
applications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 


WRITE DATA 


SET FILL BYTE ONTO WRITE DATA INPUT LINES — PULSE FBS 
SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES — 





PULSE WDS 


WRITE 1 BIT 






HAS A 


NO FULL BYTE 


YES 


YES 


LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 








BEEN WRITTEN 
? 


SET NEXT DATA 
BYTE ONTO WRITE 


DATA INPUT LINES — 
PULSE WDS 


WDR=0 





NO 


LOAD WRITE OUTPUT 
REGISTER FROM WRITE 


FILL REGISTER 
Wi 





340 


FLOW DIAGRAM — READ DATA 









TURN POWER ON 
SET SYNC BYTE ONTO WRITE DATA INPUT LINES — PULSE SBS 
PULSE RG— SETS READ LOGIC INTO SYNC BYTE 

SEARCH MODE, RDR = RDL = SBD =0 

APPLY RCK 







SHIFT 1 BIT INTO THE READ INPUT REGISTER 










ARE THE 

CONTENTS OF THE READ 

INPUT REGISTER IDENTICAL TO 

THE CONTENTS OF THE 

SYNC BYTE REGISTER 
? 






SET THE READ LOGIC INTO’ 
THE BYTE MODE, SBD = 1 









TRANSFER THE CONTENTS OF THE READ INPUT 
REGISTER TO THE READ DATA REGISTER, RDR = 1 









SHIFT 1 BIT INTO THE READ INPUT REGISTER 


SECTION VI 






HAS A 

COMPLETE BYTE 

BEEN RECEIVED 
2 











EXAMINE RDL, SBD 
SET CONTENTS OF READ 
DATA REGISTER ONTO 

READ DATA OUTPUT LINES 
VIA RDE. PULSE RDRR, RDR = 0 









ARE THE 
CONTENTS OF THE READ 
INPUT REGISTER IDENTICAL TO THE 
CONTENTS OF THE SYNC 
BYTE REGISTER 

9 






YES 





SET SBD = 1 SET SBD = 0 





YES NO 
SET RDL=0 SET RDL =1 





341 


DESCRIPTION OF PIN FUNCTIONS 


PIN NO. SYMBOL NAME 


ae 
RDRR Read Data 
Request Reset 
Read Data 
Enable _ 
5 Read Data 
Request 


SF OG) fe 


Read Data Lost 


7-14 Read Data 
Output 
15-19 
20 
21 ie NG oe —— fie et ee | 
22 WDR Write Data 


Request 


_ 


24 | GND | Ground 
WDU Write Data 
Underrun 


26 Power Supply __ 


27-34 WD0-WD7 Write Data 
Input 


| az 
36 SBD Sync Byte 
Detected 














FUNCTION 
The Read Data input accepts the serial data stream 
from the cassette/ cartridge data recovery circuit. 
The negative-going edge of the Read Clock input 
shifts Read Data into the Read Input Register. 
An active-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 
An active-high level on the Read Data Enable line 
gates the outputs of the Read Data Register onto the 
Read Data Output lines. 
The Read Data Request output is made active-high when 
an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 
The Read Data Lost output is made active-high, if the 
byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 
When enabled by RDE the tri-state Read Data Output 
lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RD@ lines 
are held at a high-impedance state. 
Not Connected 
+5 volt supply 
Not Connected 
The Write Data Request output is made active-high 
when the Write Data Register becomes empty and 
requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the cassette/cartridge and the 
WDU line is made active high. 
The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 
Ground 
The Write Data Underrun output is set active-high when 
the processor fails to respond to the WDR signal 
within one byte time. When WDU occurs the data 
written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 
—12 volt supply 
The Write Data Input lines present information to the 
Write Data Register, the Write Fill Register, and the 
Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD0. 
This input should be pulsed to a high-level after 
power turn on to reset RDR, SBD, and RDL to an inactive- 
low level. The high-to-low transition of RG setsthe read 
logic into the sync byte search mode. In this mode 
the serial Read Data stream is examined ona bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 
the Read Data Register. 


The Sync Byte Detected output is set active-high each 
time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is not a sync byte. 
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DESCRIPTION OF 









PIN FUNCTIONS 











PIN NO. SYMBOL NAME FUNCTION 
37 FBS Fill Byte The Fill Byte Strobe is an active-high input strobe which 
Strobe loads the byte on the WD@-WD7 lines into the Write 
Fill Register. 
38 WCK Write Clock Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 
39 WDS Write Data The Write Data Strobe is an active-high input strobe 
Strobe which loads the byte on the WD0-WD7 lines into the 
Write Data Register. 
40 SBS Sync Byte The Sync Byte Strobe is an active-high input strobe 
Strobe which loads the byte on the WDf-WD7 lines into the 
Sync Byte Register. 
ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 
WRITE DATA 
WCK 
OUTPUT Trro Teo: UNITS 
etek ah! WDR NA 2.0 nS 
WDU 1.0 1.5 nS 
OUTPUT WD 1.0 1.0 uS 
READ DATA 
RCK Vit 
OUTPUT Too Tro, UNITS 
RDR NA 1.5 nS 
——— ROL 2.0 2.5 ps 
OUTPUT SBD 2.0 2.5 LS 
RDZ-RD7 = 2.5 2.5 nS 
tcy 
tou ter 
RCK 
MIN. TIMING CCC 3500 UNITS 
tey 4.0 xS 
ter 2.0 BS 
toy 1.4 LS 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range 
Storage Temperature Range 


Dem eee meee emanate errs e ner ere ere eee sceese nee ees er renee serseene 


Bee mee ew me meee ere rere ere eer eee eee er evn eser es eesersenereeeoe 


Load Temperature (soldering, 10 S€C.) .... cee ccc cee cee eee e nee e ee eeeneeenens + 325°C 
Positive Voltage on any Pin, Vcc... ce ee ee ee eee eee ee eben ee ee nee e teen eeenees +0.3V 
Negative Voltage on any PIN, Voc... eee cece eee tenet eee e enna eee eee nee et nenas —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 


operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS (T,=0°C to 70°C, Vec= +5V +5% Vo= —12V+5%, unless otherwise noted) 


Parameter 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low-level, Vi 
High-level, Vin 


OUTPUT VOLTAGE LEVELS 
Low-level, Vo. 
High-level, Vou 

INPUT CURRENT 
Low-level, In 


OUTPUT CURRENT 
Leakage, lo 
Short circuit, los** 

INPUT CAPACITANCE 
All inputs, Cin 

OUTPUT CAPACITANCE 
All outputs, Cour 


POER SUPPLY CURRENT 
cc 
lop 


A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 

Read Gate . 
Write Data Strobe 
Fill Byte Strobe 


Sync Byte Strobe 
Read Data Request Reset 


INPUT SET-UP TIME 
Write Data Inputs 

INPUT HOLD TIME 
Write Data Inputs 

STROBE TO OUTPUT DELAY 
Read Data Enable 


OUTPUT DISABLE DELAY 


**Not more than one output should be shorted at a time. 


NOTES: 


1. Under steady state condition no current flows for TTL or MOS interfacing. 
A switching current of 1.6mA maximum flows during a high to low transition of the input. 


2. The tri-state output has 3 states: 
1) low-impedance to Vcc 
2) low-impedance to GND 





Conditions 


lo = 1.6mA 
lon = —100uA 


See note 1 


RDE=WVi, 0 = Vour= +5V 
Vour=0V 


Vin = Vee, f= 1MHz 
RDE= Vu, f=1MHz 
All outputs = Vou 
Ta= + 25°C 

RCK, WCK 


RCK, WCK 
RG 


WDS 
FBS 
SBS 
RDAR 


WD§-WD7 


WD6-WD7 


Load = 20pf+1 TTL input 
RDE: Tro, Troo 


RDE 


0°C to +70°C 
—55°C to + 150°C 


3) high-impedance OFF = 10M ohms 
The OFF state is controlled by the RDE input. 
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CCDH TIMING DIAGRAM 


|+———— DATa BYTE —————_> + aTA BYTE» ] FILL BYTE ———— >| 


|~_—_———-sYNnc BYTE» | + ___+DaTA BYTE——__—>] 


NOTE 1 


The Write Output Register is 
loaded with the next byte at the 
positive clock transition cor- 
responding to the leading edge 
of the last bit of the current byte 
on the WD output. WDR is set 
high approximately two micro- 
seconds after this clock tran- 
sition. If it is desired that the 
next byte be extracted from the 
Write Data Register the leading 
edge of the WDS should occur 
at least one microsecond prior 
to this clock transition. 


1 
1 
— 
1 
1 


NOTE 2 


In order to avoid an RDL indi- 
cation the leading edge of the 
RDRR pulse should occur at 
least one microsecond prior to 
the negative clock transition 
corresponding to the center of 
the first bit after the last bit 

of the previous byte on the 

RD input. 
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NOTE 3 

The RDL, SBD and RDO-RD7 
output are set to their correct 
levels approximately two micro- 
seconds after the negative 
clock transition corresponding 
to the center of the first bit after 
the last bit of the previous byte 
on the RD input. The RDR 
output is set high at the next 
negative clock transition. 


SAIC SADCINULYVO/ALLASSVO GNV HOSS3A900Ud OL ADVAYALNI OOSE 999 IWSIdAL 


no responsibility is 


such information does not convey to the purchaser of the semiconductor 


devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


WALSAS » 149373S 3AIMd 


! 
Meee IGEN. ASOULS IOYLNOOD SAIHQ 


2 103738 3AlWG 

SSHOLV1 

t 103738 3AING | Vaaino 
STaVN3 SLIM 


d supply the best product possible. 


LO3LOYd ALINM STGVN3 SNLVLS SAIC 
Y344ng 


108/103 
aLVLS 
301s SUE 


aqaqvot1 


information sufficient for construction purposes is not necessarily given. The 


y checked and is believed to be entirely reliable. However, 


SAO 
30dIvLYevo 


/ALL3SSVO 143S3Y 1SSND3Y VLivd ava bP} 


JTSVN3 VIVO dVau¥ | 43009030 


C SNE IOUINOD » 
ei | | T0wLNOO 
[aoa | — | ge 
ay Fa Hae 


SdOUuLS ALAS ONAS 


sad 3a0uls SLAG Tid i Snassauday_] yosss00ud 
sam 


3gd0u1S VLVG ALINM 


ams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


quently complete 


information has been carefull 


aas 03193130 3LA8 DNAS 
5 


oosso99 NOH | isoravaavas “| wana 
ied cached Brg 


LINDBID NOYH3ONN Viv ALG 


au 
AW3A003" viva Qv3Y 
Viva avay viva fae ee 03 WIV 3LIuM 


av3y Woot Gvag | 208 


Y3GOONA4 aM 
viva VLVG SLIUM 
CET Cae (ee ec SERANZA 


MoOTD silum | OM 


Le ano 
0070 


GND Acl- AS+ 


assumed for inaccuracies. Furthermore, 


Circuit diagr 
tions; conse 


1788 


(516) 273-3100 - TWX- 510-227-8898 





35 Marcus Bivd.. Hauppauge. 


STANDARD MICROSYSTEMS 
We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design an 


CORPORATION 





346 


STANDARD MICROSYSTEMS 
——-—— 


ROM 4732 


[LPC FAMILY 


4096 X 8-Bit Static Read-Only Memory 
32K ROM 


FEATURES 


LC) 4096 x 8 Organization 

C] All Inputs and Outputs TTL-Compatible 

C) Fully Static (No Clocks, No Refresh) 

CL Single +5v Power Supply 

C] Maximum Access Time...450ns 

CO) Minimum Cycle Time...450ns 

CO Typical Power Dissipation...580mW 

CZ) Three-State Outputs for Wire-OR Expansion 

C Industry Standard 24 pin DIP Pin Out 

CJ Pin Compatible with TMS 4732, TMS 4700, 
TMS 2708 and Intel 2316E 

[]) Two programmable chip select inputs for Chip 
Select Flexibility 

CO) Automated Custom Programming—Formats— 
Media 

L] COPLAMOS® N-Channel MOS Technology 


PIN CONFIGURATION 


1) 22 Ag 
r} 21 CS2 or CS2 
1 20 CS1 or CS1 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PACKAGE: 24-pin D.I.P. 





GENERAL DESCRIPTION 


The ROM 4732 is a 32,768-bit read-only memory 
organized as 4096 words of 8-bit length. This makes 
the ROM4732 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple 
interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL 
circuits without the use of any external pull-up 
resistor. Each output can drive one Series 74 or 74S 
load without external resistors. The data outputs 
are three-state for OR-tieing multiple devices ona 
common bus, facilitating easy memory expansion. 
Two chip select controls allow data to be read. 


These controls are programmable, providing 
additional system decode flexibility allowing four 
32K ROMs to be OR-tied without external decoding. 
The data is always available, it is not dependent 
on external CE clocking. 


The ROM 4732 is designed for high-density fixed- 
memory applications such as logic function 
generation and microprogramming. Systems 
utilizing 1024 x 8-bit ROMs or 1024 x 8-bit EPROMs 
can expand to the 4096 x 8-bit ROM 4732 with 
changes only to pins 18, 19, and 21. Toupgrade from 
the 2316E, simply replace CS2 with A11 on pin 18. 


BLOCK DIAGRAM 


CHIP SELECT LOGIC 


Y DECODE 
x 
X DECODE 
BUFFER 
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DATA OUTPUTS 
Q1—Q8 


OUTPUT BUFFERS 
Y GATING 


4096 X 8 MEMORY MATRIX 





SECTION VI 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range......... cece cece cee cern eee e ee eneees O°Cto+ 70°C 
Storage Temperature RAnge......... cece eee cee cence tence eeeeeees —55°C to +150°C 
Lead Temperature (Soldering, 10 SCC.) ........ cece ec eee cece centr ee ceteaes +325°C 
Positive Voltage on any Pin, with respect to ground ............ cece e cece eee eeees +7,0V 
Negative Voltage on any Pin, with respect to ground........... cee cee eee eet e eens —0.3V 


*Stresses above those listed may cause permanent damage to thedevice. Thisisastress rating 
only and functional operation of the device at these or at any other condition above those 
indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, itis important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. 


ELECTRICAL CHARACTERISTICS 
(Ta = 0°C to 70°C, Vec = +5V 45%, unless otherwise noted) 


Parameter | Min. | Typ. | Max. | Unit | Comments 


D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 


Low-level, Vit 0.65 V 
High-level, Vin 2.0 V 
OUTPUT VOLTAGE LEVELS 
Low-level, Vor 0.4 Vv lo. = 2.0MA 
High-level, Vox 2.4 V lon = —200uA 
INPUT CURRENT 
Low-level, li 10 pA ov S Vin S Vec 
OUTPUT CURRENT 
lou +10 pA Chip Deselected 
INPUT CAPACITANCE 
Allinputs, Cin 7 pF 
OUTPUT CAPACITANCE 
All Outputs, Cour 10 pF 
POWER SUPPLY CURRENT 
lec 150 mA 
A.C. CHARACTERISTICS 1 Series 74 TTL load, 
Ci = 100 pF 
Read cycle time, tera) 450 ns 
Access time from address, taiag) 450 ns 
Access time from chip select, 
tates) 200 ns 
Previous output data valid after 
address change, tpvx 450 ns 
Output disable time from chip 
select, tpxz 200 ns 


READ CYCLE TIMING 
——— ————— 


. Vin 
RX —sooresesvaso i sconesesc IKK 
ADDRESSES " XXX ADDRESSES VALID ADDRESSES VALID ANA 


' 
' 
' - 
ies Sos H 
CS1, CS2 H 1 
H 1 
1 Sa(cs) ~¢—. talaa)— 

<———— tate tevx mt \ ag- H at [<- t ey 


—_—_———HI—Z VALID NOT VALID VALID HI—Z— 
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Description of Pin Functions 


INPUT/ 
PIN NO. SYMBOL NAME OUTPUT 


Addresses 


A11, A10, AQ, 
A8 


FUNCTION 


The 12-bit positive-logic address is 
decoded on-chip to select one of 4096 
words of 8-bit length in the memory 
array. A@ is the least significant bit and 
A11 the most significant bit of the 
word address. The address valid 
interval determines the device 

cycle time. 








9,10,11,13, |Q1, Q2, Q3, Q4, Data 
14,15,16,17 | Q5, Q6, Q7, Q8 Outputs 


Chip 
Select 
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The eight outputs must be enabled by 
both chip select controls before the 
output word can be read. Data will 
remain valid until the address is 
changed or the outputs are disabled 
(chip deselected). When disabled, 
the three-state outputs areina 
high-impedance state. Q1 is consid- 
ered the least significant bit, Q8 

the most significant bit. The out- 


puts will drive TTL circuits without 
external components. 


Ground 


Each chip select control can be pro- 
grammed during mask fabrication to 
be active with either a high or a low 
level input. When both chip select 
signals are active, all eight outputs 
are enabled and the eight-bit 
addressed word can be read. When 
either chip select is not active, all 
eight outputs are in a high- 
impedance state. 


+5 volt power supply 
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PROGRAMMING DATA 


PROGRAMMING REQUIREMENTS: The ROM 47322 is a fixed program memory in which the 
programming is performed via computer aided techniques by SMC at the factory during the 
manufacturing cycle to the specific customer inputs supplied in the punched computer card 
format below. The device is organized as 4096 8-bit words with address locations numbered @ to 
4095. The 8-bit words can be coded as a 2-digit hexadecimal number between @@ and FF. All data 
words and addresses in the following format are coded in hexadecimal numbers. In coding, all 
binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the 
least significant bit and Q8 the most significant bit. For addresses, A@ is least significant bit and 
A11 is the most significant bit. 

Every card should include the SMC Custom Device Number in the form ROXXXxX (4 digit number 
to be assigned by SMC) in column 75 through 80. 

PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according 

to the data punched in columns 73 and 74. Every card should include in column 73 a1 if the output 
is to be enabled with a high level at CS2 or a @ (zero) to enable the output with a low level at CS2. 
The column 74 entry is the same for programming CS1. 

PROGRAMMED DATA FORMAT: The format for the cards to be supplied to SMC to specify 
that data to be programmed is provided below. The card deck for each device consists of 128 cards 
with each card containing data for 32 memory locations. 


CARD COLUMN HEXADECIMAL FORMAT 
1to3 Hexadecimal address of first word on the card 
4 Blank 
5 to 68 Data. Each 8-bit memory byte is represented by two ASCII characters to 


represent a hexadecimal value of ‘00’ or ‘FF’. 

69,70 Checksum. The checksum is the negative of the sum of all 8-bit bytes in the 
record from column 1 to68, evaluate modulo 256 (carry from high order bit 
ignored). (For purposes of calculating the checksum, the value of Column 
4 is defined to be zero.) Adding together, modulo 256, all 8-bit bytes from 
Column 1 to 68 (Column 4 =0), then adding the checksum, results in zero. 
Blank 

73 One (1) or zero (0) for CS2 
74 One (1) or zero (@) for CS1 
75, 76 RO 
77 to 80 XXXxX (4 digit number assigned by SMC) 


ALTERNATIVE INPUT MEDIA 


In addition to the preferred 80 column “IBM Card,” customers may submit their ROM bit patterns 
on 9-track 800-BPI mag tape, 8-channel perforated paper tape, EPROM, ROM, etc. Where one 
of several nationwide time sharing services is mutually available, arrangements may be made 
with the factory to communicate the ROM definition data directly through the service computer. 
Format requirements and other information required to use alternative input media may be 
obtained through SMC sales personnel. 


ALTERNATIVE DATA FILE FORMATS 


In addition to the standard SMC format, it is possible to furnish data to SMC in other formats if 
prearranged with the factory. Non-standard formats may be acceptable. Contact SMC 
sales personnel. 





STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 


tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION, information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
eS assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(616) 273-3100 - TWx-510-227-888 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

We keen ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS ROM 36000° 
a [LPC FAMILY 


8192 X 8-Bit Static Read-Only Memory 
64K ROM 


FEATURES PIN CONFIGURATION 


[] 8192 X 8 Organization 

C] All Inputs and Outputs TTL-Compatible 

C) Edge Activated** 

C] Single +5V+10% Power Supply 

CL) Maximum Access Time...250ns 

C1) Minimum Cycle Time...375ns 

CL] Low Power Consumption...220mW max active 
C) Low Standby Power Dissipation...35mW typical 
C) Three-State Outputs for Wire-OR Expansion 

C] industry Standard 24 Pin DIP Pin Out 

C1) Pin Compatible with MOSTEK MK36000-4 

L] On-Chip Address Latches 

OC) Outputs drive 2 TTL loads and 100pf PACKAGE: 24-pin D.LP. 
C) COPLAMOS® N-Channel! MOS Technology 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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BLOCK DIAGRAM 





DATA OUTPUTS 
Qi— Q8 


OUTPUT BUFFERS 
Y Y DECODER 
ADDRESS Y DECODE 
BUFFER 


ADDRESS INPUTS 
x 
ADDRESS ze 8192 X 8 MEMORY MATRIX 
ores X DECODE 
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GENERAL DESCRIPTION 


The ROM 36000 is a new generation N-channel — 


silicon gate MOS Read Only Memory, organized as 
8192 words by 8 bits. As a state-of-the-art device, 
the ROM 36000 incorporates advanced circuit 
techniques designed to provide maximum circuit 
density and reliability with the highest possible 
performance, while maintaining low power dis- 
sipation and wide operating margins. 


The ROM 36000 utilizes what is fast becoming an 
industry standard method of device operation. Use 
of a static storage cell with clocked control 
periphery allows the circuit to be put into an 
automatic low power standby mode. This is 
accomplished by maintaining the chip enable 
(CE) input at a TTL high level. In this mode, power 
dissipation is reduced to typically 35mW, as 
compared to unclocked devices which draw full 
power continuously. In system operation, a device 
is selected by the CE input, while all others are 
in a low power mode, reducing the overall system 
power. Lower power means reduced power supply 
cost, less heat to dissipate and an increase in 


ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to Vss 


Operating Temperature Ta (Ambient) ............ 


Storage Temperature—Ceramic (Ambient) 
Power Dissipation 


ee eee esos 


veer eee 


Ce 


device and system reliability. 


The edge activated chip enable also means greater 
system flexibility and an increase in system speed. 
The ROM 36000 features onboard address latches 
controlled by the CE input. Once the address hold 


- time specification has been met, new address data 


can be applied in anticipation of the next cycle. 
Outputs can be wire- ‘OR’ed together, and a 
specific device can be selected by utilizing the CE 
input with no bus conflict on the outputs. The CE 
input allows the fastest access times yet available 
in 5 volt only ROM’s and imposes no loss in system 
operating flexibility over an unclocked device. 


Other system oriented features include fully TTL 
compatible inputs and outputs. The three state 
outputs, controlled by the CE input, will drive a 
minimum of 2 standard TTL loads. The ROM 36000 
operates from a single +5 volt power supply with a 
wide +10% tolerance, providing the widest opera- 
ting margins available. The ROM 36000 is packaged - 
in the industry standard 24 pin DIP. 


sh eacbea WiBac hale By ate Osi ere ore Me ewes 0°C to +70°C 
Bod REG Nowlin Wilw acy oat anace ges. fe ana e Ware ralet esos 1 Watt 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage 
to the device. This is a stress rating only and functional operation of the device at these or any other 
conditions above those indicated in the operating sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


PRELIMINARY 
Some puamanciiateeelaputcton, 


ELECTRICAL CHARACTERISTICS (Ta = O°C to 70°C, Vee = +5V +10%, unless otherwise noted) 







Power Supply Voltage Voc 4.5 5.0 5.5 Volts 6 
Input Logic 0 Voltage Vit —0.5 0.8 Volts 

Input Logic 1 Voltage VIH 2.0 Vcc Volts 

DC ELECTRICAL CHARACTERISTICS 

Vcc Power Supply Current (Active) Icc1 40 mA 1 
Vcc Power Supply Current (Standby) Icc2 7 mA 7 
Input Leakage Current Inv) —10 10 uA 2 
Output Leakage Current lo(t) —10 10 HA 3 
Output Logic “0” Voltage VoL 0.4 Volts 

@ lout = 3.3mA 
Output Logic “1” Voltage VoH 2.4 Volts 


@ Jout = —220uA 
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Parameter 


AC ELECTRICAL CHARACTERISTICS 


Cycle Time tc 
CE Pulse Width tce 
CE Access Time tac 
Output Turn Off Delay torr 
Address Hold Time Referenced to CE tAH 
Address Setup Time Referenced to CE tas 
CE Precharge Time te 
CAPACITANCE 

Input Capacitance Cl 
Output Capacitance CO 


NOTES: 


. Current is proportional to cycle rate. Icci is measured at the specified 
minimum cycle time. 


= 


Le) 


. VIN = OV to 5.5V. 


aw 


. Device unselected; VOUT = OV to 5.5V. 


> 


Measured with 2 TTL loads and 100pF, transition times = 20ns. 


375 ns 4 
250 4 
250 ns 4 
60 ns 4 
60 ns 
0 ns 
125 ns 
5 pF 5 
7 pF 5 


5. Capacitance measured with Boonton Meter or effective capacitance 
calcutated from the equation: AQ 
C = — with AV = 3 volts 
AV 
6. A minimum 100s time delay is required after the application of 
Vcc (+5) before proper device operation is achieved. 


7. CE high. 


TIMING DIAGRAM 


CHIP ENABLE 


ADDRESS 


Vou 
DATA OUTPUT Gil 





_— 
=z 
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= 
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OPERATION 


The ROM 36000 is controlled by the chip enable 
(CE) input. A negative going edge at the CE input 
will activate the device as well as strobe and latch 
the inputs into the onchip address registers. At 


access time the outputs will become active and 
contain the data read from the selected location. 
The outputs will remain latched and active until 
CE is returned to the inactive state. 


_ PROGRAMMING 


Standard Microsystems Corporation will accept 
data input in the form of 8K, 16K, 32K and 64K 
EPROMS and 8K, 16K, 32K and 64K ROMS. If 


-other programming media is preferable, please 
consult the factory. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information has been carefully checked 
and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of SMC or others. 
SMC reserves the right to make changes at any time in order to improve design and to supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Blvd., Hauppauge, N.Y. 11787 
(516) 273-3100 - TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 
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<u Printer 


CHARACTER GENERATOR 


Part Number Description | Scan | Max Access Time Power Supplies | Package | Page | 
CG 4103) +5, —12 or +12 26 DIP_| 857-360 


SHIFT REGISTER 


Chie ae Mex Power 
Part. Number Description Feature Clock Freq...) Supply Package Page 
SR 6015-XX“) |. Quad Static Shift Register Load, Recirculate, . 
Mask Programmable Length Shift Controls, 
See eee oe ae +65 16 DIP 



















SR. 8015-80 Quad 80 Bit Static 
SR 5015-81 -- Quad B1 Bit Static pee 
5h BOLB- 133 Quad tee Bit Static = 


Shift Left/Shift — oe : 
8R. 5017 Quad 81 Bit Right, Recirculate 1 MHz +5 16 DIP 365-368 
SR 5018 Quad 133 Bit Controls, Asynch- 
: pes ronous clear 


(OFor future release 
May be custom mask programmed 
















SECTION VII 
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STANDARD MICROSYSTEMS 4100 Series 
CORPORATION CG4103 






CHARACTER GENERATOR 


2240-Bit Programmable (ROM) 64 Characters of 5 x 7 Bits 


FEATURES PIN CONFIGURATION 
QO) Static Operation, no clocks required. 
0) 2240-Bit Capacity, fully decoded. 





O11) YJ 28 Chip Enable (A7) 
C64 Characters of 35 Bits (5 x 7) ne 20 =e 
O) Column by Column Output—Column O23 06 Ap 
Scan nc 4.0 ) 25 Aa 
O TTL Compatible 035 ) 24 As 
OC Wired “OR” Capability for memory Nc 6 CI [} 23 As 
expansion O17 P} 22 Cs 
CO) Power Supplies: + 14v, —14v or + 12v, Nc 8 C4 PJ 21 Ca 


—12v, or + 5v, —12v Pda r} 20 C3 
OC Eliminates need for + 12v power supply = = o : i 
CO Single mask custom programming 


NC 12 (] | 317 Vss 
O7 13 LJ 316 As 
Voo 14 CJ | J15 Vaa 
APPLICATIONS 
CZ Matrix Printers Nh Ne Somecien 


0 Vertical Scan Alphanumeric Displays 
QO) Billboard and Stock Market Displays 
O Strip Printer 

QO) LED Matrix Arrays 


SECTION VII 


BLOCK DIAGRAM 


ROM 

CHARACTER 

ADDRESS Beg COLUMN OUTPUT 
SELECT 

BECHDE (2240 Bits) 


DATA OUTPUTS 


Yn 
19) 
tu 
oc 
a 
a 
< 
jen 
Ww 
| el 
Oo 
< 
Cc 
< 
=< 
oO 


C1C2C3C4Cs CE (Az) 
CHIP ENABLE 


Vss Vop Vaca 


Ahi 
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General Description 


The CG4100 Series MOS Read Only Memories (ROMs) are designed specifically for dot-matrix character generation 
where column by column output data is desired. Each ROM contains 2240 bits of programmable storage, organized as 64 
characters, each having 5 columns of 7 bits. 


The output word appears as a 5 word sequence on each of the output lines. Sequence is controlled by the 5 Column 
Select lines. By strobing the first select line, the first group of 7 bits (first column) is obtained at the output. By sequentially 
strobing C; through Cs the font of the addressed character would be displayed. The character address may remain fixed 
while the column select changes. 


Since only 6 address bits are required in order to decode the 64 stored characters, the seventh bit (A7) may be used as a 
chip enable. The chip enable (CE) in conjunction with the single ended open drain output buffers allow for memory 
expansion through wired “OR” connection. 


The CG4100 Series contains an USASCII character font. Custom memory patterns are provided through the use of 
’. customer provided encoding sheets, tapes, or card decks. 


a EE I TE ET EIT IT OD EID, 
MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ............ 0c ccc cece eect e cette een eeenees -—25°C to + 85°C 
Storage Temperature Range .......... cece cette eee t eee eens —55°C to + 150°C 
Voltage on any Pin, with respect to Vss 02.0... ccc cece cece ect teeeeeee eens +0.3V to -30V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 


RECOMMENDED OPERATING CONDITIONS (—25°C<Ta<+85°C) 


Parameter Symbol Min. Typ. Max. Unit 
Suppy Voltage Vss 0.0 Vv 
Supply Voltage Voo -12.0 —14.0 -16.0 Vv 
Supply Voltage Vac ~—24.0 . ~28.0 _ ~29.0 Vv 
Input Voltage, logic "O” Vin Vss -1.5 Vss Vv 

Logic “O”= most positive level 
Input Voltage, logic “I” Vit Vop Vss—11 Vv 


Logic “I”=most negative level 


Note: The design of the CG4100 permits a broad range of operation that allows the user to take advantage of readily 
available power supplies; e.g. +5V, —12V. See “Operational Interface—To/From TTL logic” diagram. 


ELECTRICAL CHARACTERISTICS (Vss= + 14v, Vac= —14v, Voo=Ground, Ta=25°C, unless otherwise noted) 


Parameter Symbol! Min. Typ. Max. Units Comments 

Output Blank Current los _— — 10 pa Voo applied to output 
see Note 1. 

Output Dot Current lop 2.5 — — ma Vop applied to output 
see Note 1. 

Input Leakage Current lin _— — 10 pa Vin=OV 

Output Voltage Vo oo 2.0 — V lo=0.5ma 

— 5.0 — Vv lo=2.0ma 

Address Access Time taa _ — 1200 ns 

Column Select Access Time tca — _— 600 ns 

Chip Enable Access Time tce _— _ 400 ns 

Power Dissipation — _ 400 mw Output unconnected 


Note 1: An output dotis defined as the ON state of the MOS output transmitter. An output blank is defined as the OFF state. 
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Description of Pin Functions 














Pin No. Symbol Name Function 
a af a a eo Os Outputs 7 Data Outputs 
14 Vop Vop Usually connected to Ground 
15 Vac Vac Negative power supply: — 14v or — 12v 
16 As Address Bit 6 of the character address 
17 Vss Vss Positive power supply: + 14v or +12v or +5v 
18-22 C1-Cs Column Select Column Select inputs 
23-27 As-Ai Address Bits 1 through 5 of the character address 
28 CE(A7) Chip Enable Chip Enable for memory expansion 
Se aT ET. EE A A SE ETS IR ET AOE I TEES IRA IE 
ADDRESS ACCESS TIMING CHIP ENABLE ACCESS TIMING 
Vss——-—- 4 r-- Vss 
Address \ Chip Enable 
Input Input 
eee ee? 2 Ce Oe ee Vop 
Output 
Output 
+1.5V Gnd 
Gnd 


Only one of the five Column Select inputs is at logic “1.” 
Chip Enable input is at logic “1.” 


COLUMN SELECT ACCESS TIMING 





+1.5V 
Gnd 


All Column Select inputs are at logic “0” except one under test. 
Address inputs are set in adc state. 
Chip Enable input is at logic “1.” 


OPTIONAL INTERFACE TO/FROM TTL LOGIC 






LOW-POWER 
TTL LOGIC 
GATE 
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Only one of the five Column Select inputs is a logic 1.” 
Address inputs are set in a dc state. 


AC TEST CIRCUIT 









7400 or Equiv. 


Output 
Voo 


-14V 
tr = t'< 50 ns for all timing diagram forcing functions. 


Altoutput waveforms are measured at the output of the 
7400 TTL gate. 


INTERFACE TO TTL LOGIC 
+14V -14V 






< 
io} 
oO 
< 
wn 
n 
< 
oO 
oO 














io] n 
Ys 7426 fs ca § ¥4 7400 
22 4100 5 or Equiv. 
< (e) 
COLUMN SELECT 
INPUTS 


*The value of R depends on 
System Speed and Power 
Requirements. 


Mask—programmabie 
~ 100K 21 on —chip resistors 
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Pin-for-Pin Equivalent for: TMS 4103 MK2002 S8499. 


aye MICROSYSTEMS 


35 Marcus Btvd.. Hauppauge. NY 11788 
(516) 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS SR 5015-XXX 


SR 5015-81 
SR 5015-133 


Quad Static Shift Register 


FEATURES PIN CONFIGURATION 

CO COPLAMOS® N Channel Silicon Gate 
Technology INPUTA [T7746] OUTPUT A 

C] Variable Length—Single Mask 
Programmable—1 to 134 bits 

O Directly TTL-compatible on all inputs, 14 |] OUTPUT D 
outputs, and clock 

O) Clear function 

CO Operation guaranteed from DC to 1.0 MHz OUTPUT B [|5 

QO) Recirculate logic on-chip 

QO) Single +5.0V power supply 

0 Low clock input capacitance 10] INPUTC 

0 16 pin ceramic DIP Package OUTPUT C18 

OC) Pin for Pin replacement for AMI S2182, 83. 85 | 


APPLICATIONS 

LC] Memory Buffering 

C1 Unique Buffering Lengths 
O Terminals 


RECABC [|2 


INPUT B [|4 13 {] INPUT D 








BLOCK DIAGRAM 


SECTION Vil 


= 
ay 
@ 


INPUT C 


RECIRC. INPUT D 
REC. CONTROL D 


J J 
2) INPUT D 
CLOCK 
GENERATOR 


OUTPUTB OUTPUTD 
CLOCK CLEAR 
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General Description 


The SMC SR 5015-XXX is a quad static shift register family fabricated using SMC’s COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 volt 
power supply operation. 


These shift registers can be driven by either TL circuits or by MOS circuits and provide driving capability to MOS or TL 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 


The recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. 


A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single T2L clock is 
required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 and 133 are available for flag storage. 
This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 


Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 


MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range .......... cece cece cece eee e teen eee beeen ee een een eees 0°C to + 70°C 
Storage Temperature Range ........ cece cece ee reece een ence ee bees tenet eee teeenaaee —55°C to +150°C 
Lead Temperature (Soldering, 10S€C.) 0.0... eee ccc cee tee eect tte terete eee e eters eee ee eee eee eee +325°C 
Positive Voltage on any Pin, with respect to ground ......... cece cece ene eee e ence nner een e tet eee taney +8.0V 
Negative Voltage on any Pin, with respect to ground ....... 2. . cece ccc eenee e eee e cette ete en ne neeee ~0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 V 
High Level, Vin Vec—1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level, Vou 0.4 V lo.=1.6ma 
High Level, Vou Vec—1.5 4.0 V loH=100ua 
INPUT LEAKAGE CURRENT 1.0 pa Vin=Vcc 
CLOCK, CLEAR 25 pf 
All Other 40 of 
POWER SUPPLY CURRENT 80 ma 
A.C. Characteristics Ta=+25°C 
CLOCK 
PWH 300 ns 
PWL 600 ns 
Transition, tr, tr 0.02 1.0 pS 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 300 ns 
INPUT DATA 
to, set-up 100 ns 
to, hold 200 ns 
PWo 300 ns 
OUTPUT DATA 
to, ACC 200 350 ~=ns 
RECIRCULATE CONTROL 
tr, set-up 200 ns 
tr, hold 300 ns 
PWa 500 ns 
CLEAR 
PWc ear 20 us 
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TIMING DIAGRAMS 


naa , -/—_—_ 
Se Ne Vr Ne Ng 
| th A Bros 


PW. 
PWop 


tb, set-up papa Pag Ba to, hold 
Input Data cee I 


to, ACC to. ACC 
Output Data oC Ree 


Recirculate | | 
Control \ / 
trset-up | tr hold 
FF 


PWa 





PW clear 


bs} 
tDelay 
os, WUMMTH#!TMUM|MH/ / rN 


Description of Pin Functions 


Symbol Name Function 


A Input A Input signal which is either high or low depending on what 


word is to be loaded into shift register. 


Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 


Input signal when high forces outputs to a low state 
immediately and clears all the registers. 


Input B Input signal for B register. 
Output B Output signal for B register. 
GND Power supply Ground. 


RECABC Recirculate ABC 


> 
<4 
= 
= 
o 
uu 
” 


CLR Clear 





+5 Volt 


Output C 
Clock Input 


Input C 
NC 


Recirculate 
Control D 


Input D 
Output D 


Recirculate 
Input D 
Output A 





5 volt power supply. 


Output signal for C register. 

Input signal which is normally low and pulses high to 
shift data into the registers. The data is clocked in on 
low to high edge of clock. 


Input signal for C register. 


Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects 
Recirculate Input D to register. 

Input signal for D register. 

Output signal for D register. 


Input signal which is the input to the D register 
when Recirculate Control D is high: RECD=1. 


Output signal for A register. 
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APPrLIVALIUNS 


Line Buffer for CRT Display . . . 80 Characters per line. 


$R5015-80 


Video Clock 


PAGE 
MEMORY 
SMC Seria! Data Output 


CG5004L-1 To Monitor Electronics 


$R5015-80 


RECIRCULATE 


em 
DECODER [—1—4 


Le 
fei tocle 


SCAN 
COUNTER 


Li plz Le 
CURSOR 
MEMORY 
a a 


End of Line Clock 


Line Buffer for Matrix Printer . . . 132 Characters per line. 


$R5015-133 


CHARACTER 

GENERATOR 
ROM(s) To Print Head 

SMC CG4100 Solenoid Drivers 


SERIES 
INTERFACE 


OR 
MEMORY 


End of Line 


SR5015-133 





From System Timing 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
26 Mescis bad nvr assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
(516) 273-3100 - Twx-510-227-8898 - devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
We keen ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 





STANDARD MICROSYSTEMS 
——$-_— 


SR 5017 
SR 5018 


Quad Static Shift Right/Shift Left Shift Register 


Last In First Out Buffer 
LIFO 
FEATURES 
Gate Technology. 


OC Quad 81 bit or Quad 133 bit 

OC Directly Compatible with T2L, MOS 

OC) Operation Guaranteed from DC to 
1.0MHz 

0 Recirculate logic on-chip 

C1 Single +5.0V power supply 

C] Low clock input capacitance 

O Single phase clock at T2L levels 

QO) Clear function 

O 16-pin Ceramic DIP Package 


APPLICATIONS 

OC Bi-Directional Printer 

C1 Computers—Push Down 
Stack—LlIFO 

CO) Buffer data storage—memory buffer 

C Delay lines—delay line processing 

C1 Digital filtering 


INPUTD [1 \ _/16U 


O Telemetry Systems 
QO Terminals 
ZC Peripheral Equipment 


BLOCK DIAGRAM 


ae 


\/ REGISTER 
. A 


REC CONTROL ABC 


REGISTER 
B 


INPUT B 
L/R CONTROL 


OUTPUTB OUTPUTD 


CLOCK CLEAR 
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RECD 
GND 
OUTPUT C 
INPUT C 
INPUT B 
OUTPUT B 
RECABC 


Vcc 


> 
=z 
— 
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oO 
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RECIRC. INPUT D 
REC. CONTROL D 


INPUT D 


General Description 


The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC’s. 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 


These shift registers can be driven by either T2L circuits or by MOS circuits and provide driving capability to MOS to T?L 
circuits. 


This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to all 
registers. 


The recirculate control input is common for registers A, B, and C. Register D has anindependent recirculate control input 
as well as a Recirculate Input. , 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vcc. A single TL clock 
input is required for operation. 


The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 


Bits 81 or 133 are available for flag storage. 
A RE I a a TS ETE IIP IEE 
MAXIMUM GUARANTEED RATINGS*. | 


Operating Temperature Range ....... ieee ccc cece cent ten ete e eet nen ene neenenaeeee 0°C to + 70°C 
Storage Temperature Range ........ cece cece eee eee cece eee eee eeeeneenennee —55°C to + 150°C 
Lead Temperature (Soldering, 10 SEC.) 2.0... ccc cee eee ence eee eee e ene e ee eneeeeenees +325°C 
Positive Voltage on any Pin, with respect to ground ........ cece cece cece ee ee ene e teense beeen ee eeneees +8.0V 
Negative Voltage on any Pin, with respect to ground 1.2... cece cece ccc eee ccc eteeeeeee nent t enna teenies —0.3V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 


ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V+5%, unless otherwise noted) 


Parameter Min. Typ. Max. Unit Comments 
D.C. Characteristics 
INPUT VOLTAGE LEVELS 
Low Level, Vit 0.8 V 
High Level, Vix Vec—1.5 Vcc V 
OUTPUT VOLTAGE LEVELS 
Low Level, Voi 0.4 Vv loL.=1.6ma 
High Level, Vox Vec—1.5 4.0 V loH= 100na 
INPUT LEAKAGE CURRENT 1.0 pa Vin=Vec 
CLOCK, CLEAR 25 pf 
All Other 10 pf 
POWER SUPPLY CURRENT 100 ma 
A.C. Characteristics Ta=+25°C 
CLOCK 
PWu 300 ns 
PWL 600 ns 
Transition, tr, tt 0.02 1.0 ps 
Repetition Rate, 1/T 0 1.0 MHz 
t Delay 500 ns 
INPUT DATA 
tb, set-up 150 ns 
to, hold 150 ns 
PWop 300 ns 
OUTPUT DATA 
to, ACC 200 350 ns 
RECIRCULATE CONTROL 
tr, set-up 200 — ns 
tr, hold 300 ns 
PWr 500 ns 
CLEAR 
PWc ear 20 ps 
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RECABC 





Control 


Name 


Input D 
Recirculate 
Input D 
Output D 
Clear 


Output A 


Shift Left/Shift 
Right Control 


Input A 


Clock Input 


5 Volt 
Recirculate 
ABC 
Output B 
Input B 
Input C 
Output C 
GND 


Recirculate 
Control D 





Input Data 





Output Data 


Recirculate © 
Control 





Shift Left/Shift Right 


Clear a Ae 


an 
tDelay 
— WUUMUMMW@q@q@q}qHHs se Sa iN 


Timing Diagram 


tb, set-up ra pg oa to, hold 
to, ACC to, ACC 





ae 
taset-up + fom i tr hold 


PWr 





N clocks ] 






500 ns ff scons 500 


! ns 






Pasa) So DoNo’ | +~f DoNot ] 
Change N Shifts* Change 
R Controt Control 





*Shift occurs on the positive clock edge. 










PW clear gil 
ie a ve eee eer 





Description of Pin Functions 


Pin Function 


1 Input signal for D register. 

2 Input signal which is the input to the D register when recirculate 
control D is high: RECD = 1. 

3 Output signal for D register. 

4 Input signal when high forces outputs to a low state immediately 
and clears all the registers. 

5 Output signal for A register. 
Input signal which is low for loading data and for shifting right. 
When L/R CON is high, the register will shift left. 
Input signal which is either high or low depending on what word 
is to be loaded into shift register. 
Input signal which is normally low and pulses high to shift data 
into the registers. The data is clocked in on low to high 
edge of clock. 
5 volt power supply. | 
Input signal when high disconnects inputs from registers and 
connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 
Output signal for B register. 
Input signal for B register. 
Input signal for C register. 
Output signal for C register. 
Ground. 
Input signal which is normally low and, when goes high, . 
disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 


> 
z 
= 
a 
«> 
ey 
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Logic Diagram 


Q from 3rd Stage 
to 78th Stage to 79th Stage 





APPLICATION 


Line Buffer for Bidirectional Matrix Printer . . . 80/132 characters per line 


INTERFACE 
OR 
MEMORY 


STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Blvd. Hauppauge. N.Y. 11788 
(516) 273-3100 = TWX-510-227- 8898 


We keep ahead of our competition so you can Keep ahead of yours. 


SR 5017/SR 5018 


CHARACTER 

GENERATOR To Print Head 
ROM(s) 

SMC CG4100 
SERIES 


Solenoid Drivers 


End of Line 


From System Timing 





Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 


‘devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve design and supply the best product possible. 
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anor Keyboard Encoder 


Standard Fonts Power 
Part Number | No. of Keys Modes Features Suffix Description Supplies | Package Page 


KR-2376 Xx) 2 Key Rollover | -ST ASCII 40 DIP | 371-374 
40 DIP 575-382 


eed ae 
















2 Key or -ST ASCII 
N Key Rollover} -STD ASCII 
-PRO Binary Sequential 


(May be custom mask programmed 








— 
= 
=4 
oy 
oo. 
tu 

A 
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STANDARD MICROSYSTEMS KR2376-XX 
——y, 
Keyboard Encoder Read Only Memory 


FEATURES PIN CONFIGURATION 
C] Outputs directly compatible with TTL/DTL or 
MOS logic arrays. 


C External control provided for output polarity 
selection. 


40 [] Frequency Control A 
Frequency Control B [] 
Frequency Control C (J 


Strobe Output [1] Inputs 


ZC) One integrated circuit required for complete 
keyboard assembly. 


XC) Static charge protection on all input and Strobe Control Input 
output terminals. Data & Strobe [] 


J . . Invert Input 
CO Entire circuit protected by a layer of glass 
passivation. 


1 
2 
3 
Shift input [) 4 Keyboard 
C] External control provided for selection of odd Control Input (] § Matrix 
oreven parity. Parity Invert Input ; 6 Outputs 
‘ Parity Output 7 
LC Two key roll-over operation. Sata Oued C6 
O N-key lockout. Data Output B7 L} 9 
CJ Programmable coding with a single mask Oata Output 86 L} 10 
change. Data Output B5 [} 11 
. : \ F Data Output B4 L] 12 
ZC Self-contained oscillator circuit. Data Output B3 [] 13 
C) Externally controlled delay network provided Data Output B2 [] 14 Keyboard 
to eliminate the effect of contact bounce. Data Output B1 Lj 15 Matrix 
16 
17 
18 
19 


Ld 
oO 


PACKAGE: 40-Pin D.I.P. 





GENERAL DESCRIPTION 
The SMC KR2376- XX is a 2376-bit Read Only Memory any Special interface components. 
with all the logic necessary to encode single pole The KR2376-XxX is fabricated with low threshold, 
single throw keyboard closures into a usable 9-bit P-channel technology and contains 2942 P-channel 


code. Data and strobe outputs are directly compatible © enhancement mode transistors on asingle monolithic 
with TTL/DTL or MOS logic arrays without the use of — chip, available in a 40 pin dual-in-line package. 





TYPICAL CONNECTION OF KR2376-XX 


YO Y1 Y2 Y3 Y4 YS Y6 Y7 Y8 Y9 Y10 


KR2376-XX 31 27 EEE 
Voc raat 40 A 
Vono 50 KHz 2.8 
Vee at 
FREQUENCY 


CONTROL 
| WeIT COMPARATOR =| BIT | WeIT COMPARATOR =| 
SHS Se 
CONTROL 
11 | TSTAGERING counTeR | | TSTAGERING counTeR | COUNTER 
















Y¥10 


> 
= 
= 
ron 
o 
Lu 
wm 





SHIFT INPUT 


Pe 
CONTROL INPUT |_| 


8 
2376 BIT ROM STAGE 
RING 
(9 BIT x 88 KEYS x 3 MODE) COUNTER 


STROBE 
CONTROL INPUT 










Vec Vee | 
DATA & STROBE 20 


88 SPST KEYBOARD SWITCHES 
YO. ~ Y1 









INVERT INPUT 
PARITY _6 COMPATIBLE OUTPUT DRIVERS TYPICAL SWITCH 
INVERT INPUT 
EXAMPLE 
lla Se meabe iets B8 B7 B6 BS B4 B3 B2 BI 
FO Sea * R11 (680KNQ), C1 (.001 id 15 del 
Fig 1 DATA OUTPUTS is jue }s a (.001,4) provide approx. ms delay 
**  R2 (100KQ), C2 (S0pf) provide 50KHz clock frequency 
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MAXIMUM GUARANTEED RATINGS+{ 


Operating Temperature Range ......... cece cece cee cece tence eee eneeeeece 0°C to +70°C 
Storage Temperature Range ....... cc ccc cee cece eee teen ete tenet ences —65°C to +150°C 
GND and Vag, with respect to VCC 0... cece ccc cc cece cece etter cette eeesenene —20V to +0.3V 
Logic Input Voltages, with respect tO VCC... ck cece cee ete ete eee ee neee —20V to +0.3V 








+ Stresses above those listed may cause permanent damage to the device. Thisis astress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 
(Ta = 0°C to +70°C, Vec = +5V +0.5V, Vac = —12V +1.0V, unless otherwise noted) 














Characteristics Min Typ Max Unit Conditions 
CLOCK 20 50 100 KHz _ see fig.1 footnote (**) for typical 
R-C values 

DATA INPUT 

Logic “O” Level +0.8 V 

Logic “1” Level Vcec-1.5 Vv 

Input Capacitance 10 pf 
INPUT CURRENT 

*Control, Shift & YO 

thru Y10 10 100 140 HA Vin=+5.0V 
*Control, Shift & YO 
thru Y10 5 30 50 HA Vin= Ground 

Data Invert, Parity Invert | .01 1 HA Vin=—5.0V to +5.0V 
DATA OUTPUT & X OUTPUT 

Logic “O” Level +0.4 V_ lot = 1.6mA (see fig. 7) 

Logic “1” Level Vec-1.0 VV toH=100 pA 
POWER CONSUMPTION 140 200 mW _ Nom. Power Supp. Voltages 

(see fig. 8) 

SWITCH CHARACTERISTICS 

Minimum Switch Closure see timing diagram-fig. 2 

Contact Closure Resistance 

between X1 and Y1 300 Ohm 
Contact Open Resistance 
between X1 and Y1 1x10’ Ohm 








*Inputs with Internal Resistor to Vac 


DESCRIPTION OF OPERATION 


The KR2376-XX contains (see Fig. 1), a 2376-bit 
ROM, 8-stage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 
controllable delay network for eliminating the effect 
of contact bounce, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 


address is formed by combining the Shift and 
Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter 
and the external inputs to the 11-bit comparator are 
wired to the keyboard to form an X-Y matrix with the 
88-keyboard switches as the crosspoints. In the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are ‘not valid’ at 
this time. 
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When akey is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XO thru X7) and one input of the 11-bit comparator 
(Y0O-Y10). Aftera number of clock cycles, acondition 
will occur where a level on the selected path to the 
comparator matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
signal to the clock control and to the Strobe Output 
(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 


(B1-B9) stabilize with the selected 9-bit code, 
indicated by a ‘valid’ signal on the Strobe Output. 
The Data Outputs remain stable until the key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (pin 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 
Outputs B1 thru B8 (pins 8 thru 15) and the Strobe 
Output (pin 16). 


SPECIAL PATTERNS 


Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 codes of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 


ROM covering most popular codes suchas ASC11, 
EBCDIC, Selectric, etc.,aswellas many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 


TIMING DIAGRAM 


SWITCH 
CLOSURE 


Y KEYBOARD “ee 
MATRIX OUTPUT 


STROBE OUTPUT 





SWITCH 
RELEASE 


ib 


}<———————- MINIMUM SWITCH CLOSURE 


88 CLOCK roi STROBE WIDTH 
L.___ SWITCH STROBE SWITCH 
[~— Bounce DELAY a BOUNCE >| 





—| Sys 


~_ DATA 
VALID 





MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88%%) + STROBEDELAY + STROBE WIDTH 


Tyg Ree ae. Fea ee Gee 


MAXIMUM 


DETERMINED DETERMINED BY MINIMUM TIME 


EXPECTED BY FREQUENCY EXTERNALRC REQUIRED BY 


OF OPERATION 
(EXTERNAL RC) 


EXTERNAL 
CIRCUITRY 


Fig. 2 


POWER SUPPLY CONNECTIONS FOR 
TTL/DTL OPERATION 


-12V +5V Gnd 





TTL/DTL TTL/DTL 
LOGIC OR | INPUTS OUTPUTS | LOGIC OR 
SMC LOW KR2376-XX SMC LOW 

VOLTAGE VOLTAGE 
MOS LOGIC MOS LOGIC 


POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 


FROM HIGH OR 





LOW VOLTAGE TO HIGH 

MOS OR TTL/DTL KR2376-XX OR LOW 

REFERENCED Mos 
TO -5V 


Fig. 3 


OUTPUT DRIVER & “X” OUTPUT STAGE 
TO KEYBOARD 


Vac Vano 


IN 


Vec Voc 


“Y” INPUT STAGE FROM KEYBOARD 


Vac 


“y" TO 
KEYBOARD INTERNAL 
INPUT GATING 

ai 
STATIC CHARGE = Vcc_:~COUNTER 
PROTECTION DEVICE INPUT 
Fig. 4 
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TYP. OUTPUT 
STROBE OSCILLATOR ON RESISTANCE TYP. POWER 
DELAY FREQUENCY VS. GATE CONSUMPTION 
VS. C, VS. C, BIAS an VS. TEMPERATURE 


200 
160 P\ is aa 25°C 
¢ | |\ Nom. Supp. Voltage 














CAPACITANCE 
TYP. POWER - mW 


R =680KQ 
Ta = 25°C 





& 8 








2 3 80 55 go 25 2015 105 
DELAY - msec PREQUENCY - - KHz Ves - Volts TEMPERATURE - °C 
Fig. 5 Fig.6 Fig.7 Fig.8 
CODE ASSIGNMENT CHART -DATA (B1-B8) INVERT 
KR2376-ST TRUTH TABLE 
8 Bit ASCII, odd parity DATA&STROBE _ CODE. DATA 
INVERT INPUT ASSIGNMENT OUTPUTS 
(Pin 20) CHART (B1-B8) 
1 1 0 
0 1 1 
1 0 1 
0 0 0 
STROBE INVERT 
TRUTH TABLE 
i {| so ratte HH DATA & STROBE STROBE 
matty INVERT INPUT INTERNAL OUTPUT 
Hatt it (Pin 20) STROBE (Pin 16) 
1 1 0 
0 ) 0 
1 0 1 
7 att | : 
—] : Dd 
ae i a i THEE it ue cre Sestheies H 
i ut tH H ih poe ‘ : = é i. Til PARITY INVERT 
af i i i atid bevekttal tt ft inl Feed eit , atte H TRUTH TABLE 
HH ict] bat H bl] hi a in bit RITY CODE PARITY 
INVERT INPUT ASSIGNMENT OUTPUT 
(Pin 6) CHART (Pin7) 
1 1 0 
0 1 1 
1 0 1 
) 0 0 
MODE SELECTION 
SC=N 
sC=s 
Sc=c 
S C=INVALID (SPURIOUS DATA) 
Fig.9 
nsc Bie Bo 84 85.08 8768 parity BIT 
i] 
|i} 42345678 8 
= Paty nea pe  - - --m—> NORMAL N = Normal Mode 
Y9 é SSSonsSs == -—— —> SHIFT = Shift Mode 
spas eee m-—---- —— C. Control Mode 
: , CONTR a= Output Logic “1” (see data B1-B8) 
(Code representative of key depression at Logic "1" = +5.0V 
location X0-Y9 and proper mode selection) Logic “0” = Ground 
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STANDARD MICROSYSTEMS KR3600-XX 


es KR3600-ST 
KR3600-STD 
KR3600-PRO 


Keyboard Encoder Read Only Memory 


FEATURES PIN CONFIGURATION 
« Data output directly compatible with TTL 
a N Key rollover or lockout operation Function 
# Quad mode Option 1 Xe 
# Lockout/rollover selection externally selected as option option See 2 Xi 
= On chip-master/slave oscillator Option >, sienment 4] 2 Xe 
# All 10 output bits available opie Chart" 4 X3 
= Fully buffered data outputs Option ; 5 Xe 
= Output enable provided as option Data Output B9 6 Xs 
« Data compliment control provided as option Dale Ouipul.es xe 
f . ; Data Output B7 8 X7 
u Pulse or level data ready output signal provided as an option bate OuakBe : ee 
a Any key down output provided as an option Data Output BS Delay Node Input 
= Contact bounce circuit provided to eliminate contact bounce Data Output B4 Vee 
= Static charge protection on all input/outputs Data Output B3 Shift Input’ 
a Pin for Pin replacement for GI AY-5-3600 Data Output B2 Control Input 
Data Output B1 Veo 

GENERAL DESCRIPTION Voo Ys 

The SMC Microsystems KR3600-XX is a Keyboard Encoder Data Ready Ye 
containing a 3600 bit read only memory and all the logic Yo Yr 
necessary to encode single pole single throw keyboard v1 Ye 


closures into a 10 bit code. Y2 Ys 

The KR3600-XX is fabricated with a low voltage p channel! Ys Ya 
technology and contains the equivalent of 5000 transistors ona 
monolithic chip in a 40 lead dip ceramic package. 


ai hue yyy BLOCK DIAGRAM 













T EXTERNAL CLOCK 
INPUT (OPTION) 












10 BIT COMPARATOR 


10 STAGE 
RING COUNTER 


FREQUENCY 
- CONTROL 









ia ENCODED aqiters TiMIN 
4 Mee To 






> 
=z 
= 
= 
o 
wi 
” 





3600 BIT ROM 
{tO BIT X 90 KEYS X 4 MODE) 





SWITCHES 





COMPLEMENT 
CONTROL CHIP ENABLE (OPTION) 


(OPTION) | 
__$-<— LOCKOUT/ ROLLOVER (OPTION) 
B10 B9 BS B7 8685 B4B3 62 BI . NOTE: REFER TO FIG.I FOR OPTION PIN SELECTION. 
4#RI (OOK A), Cl (450F) PROVIDES APPROX. SOKHZ CLOCK FREQ, 
#% C2 (300NS DELAY/ CPF) R2 SUPPLIED INTERNALLY. 
375 # #4 DIODES NECESSARY FOR COMPLETE nKEY ROLLOVER OPERATION. 


DESCRIPTION OF OPERATION 


The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged into four 90-word by 10-bit groups. The 
appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (XO thru 
X8) and one input of the 10-bit comparator (Yo-Y9). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER — When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT — When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS — Since the selected coding of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCIil, 
EBCDIC, Selectric, etc., as well as many specialized codes. 


Pin 2 


Internal 
Clock 


CUSTOM CODING INFORMATION 
The custom coding information for SMC’s 
3600 Bit Keyboard Encoder ROM should 
be transmitted to SMC. The Truth Table 
should be completed on the format supplied. 


LEGEND 
CC = Complement Control 
AKO = Any Key Down Output 
B10 = B10 (Data) Output 
Lockout/Rollover 
Chip Enable wos 
Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source LO/RO cc c 0 
E 


E AK 
| LH BIO 
KO B10 


A 
A 


: Cc KO B10 
cc CE AKO B10 


Pin1 Pin2 Pin 3 Pin 4 Pin 


OPTION SELECTION/PIN ASSIGNMENT 
FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 


Operating Temperature Range ......... ccc ccc eee ene teen ee ne eens O°Cto +70°C 
Storage Temperature Range..... 0.0... cece cee eee cence eee ene n ees —55°C to +150°C 
Lead Temperature (soldering, 10 SeC.). 2... ke cee eee e nes + 325°C 
Positive Voltage on any PIN, Veg... eee ee teen eee teenies +0.3V 
Negative Voltage on any Pin, Veg oo c ec ec eee ene seen tebe nn tnes —25V 


*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 


ELECTRICAL CHARACTERISTICS 
(T,=0°C to 70°C, Veg = +5V +5%, Veg =—12V +1.0V, Vop = GND, unless otherwise noted) 


Characteristics Conditions 


Clock Frequency See Block diagram footnote* 
for typical R-C values 


External Clock Width 


Data & Clock Input 

(Shift, Control, 
Compliment Control, 

Lockout/Rollover, 
Chip Enable 

& External Clock) 
Logic ‘‘0” Level 
Logic ‘‘1” Level 
Shift & Control Input 

Current 


X Output (Xo-Xg) 
Logic ‘‘1” Output Current 


Vin= +5V 


Vour = Vcc (See Note 2) 
Vour = Vec—1.3V 

Vout = Vec—2.0V 

Vour = Vec—5V 

Vout = Vec—10V 

Vout = Vee 

Vout = Vec—1.3V 

Vour = Vec—2.0V 

Vout = Vec—5V 

Vout = Vee—1 OV 


Logic ‘‘0’’ Output Current 


Y Input (Yo-Yo) 
Trip Level Y Input Going Positive (See Note 2) 
Hysteresis (See Note 1) 
Selected Y Input Current Vin= Vee 
Vin =Vec—1.3V 
Vin =Vec—2.0V 
Vin = Vec—4.0V 
Unselected Y Input Current Vin=Vee 
Vin= Vec—1.3V 
Vin=Vecc—2.0V 
Vin= Vec—5V 
Vin=Vec—10V 


Input Capacitance at OV (All Inputs) 


Switch Characteristics 
Minimum Switch Closure 


See Timing Diagram 
Contact Closure 


Resistance Zcc a 

Zco = 

Strobe Delay 5 
Trip Level (Pin 31) — 
Hysteresis (See Note 1) ire} 
Quiescent Voltage (Pin 31) With Internal Switched Resistor 7) 





Data Output (B1-B10), 


Any Key Down Output, 
Data Ready 
Logic ‘‘0” lo=1.6mA 
Logic ‘‘1” lon =1.0M A 
lon = 2.2m A 
Power 
lee Veco = +5V 
les Veo=—12V 





**Typical values are at + 25°C and nominal voltages. 


NOTE 
1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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TIMING DIAGRAM 


SWITCH SWITCH 
CLOSURE RELEASE 


MINIMUM SWITCH CLOSURE 
90 CLOCK CYCLES 


SWITCH ‘eta | 
BOUNCE DELAY 









KEY 
CLOSURE 
DATA READY Po a ape ee = ae Ed LEVEL 
STROBE my PULSE fi 
tet ROLLOVER 
DATA (‘a ca 1 
OUTPUT Ue ba wh i 
| ytuee ' 
Dido LP abe ol ' 
| u oe oe ! RESETS AT FIRST Xo Yo 
ANY OWN a AFTER FIRST Xi Yi 
OUTPUT pos oe pros 


| 

| | RESUME SCAN FOR—= 

| - © KEY ROLLOVER = | RESUME SCAN FOR 
n KEY LOCKOUT 


MINIMUM SWITCH CLOSURE © SWITCH BOUNCE + (90x+) + STROBE DELAY + STROBE WIDTH 


| f 





MAXIMUM DETERMINED BY 
EXPECTED EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 

"Y" INPUT STAGE FROM KEYBOARD "X'' OUTPUT STAGE TO KEYBOARD 
Voc Veo 








le 
Yereoens en 
:YBOAI ena? TO KEYBOARD 
STATIC , Vos Yoo CTNPUT. t 
STATIC 
PROTECTION Vv COUNTER ESE oy 
DEVICE ce INPUT DEVICE 
Vee 
OUTPUT DRIVER 
OUTPUT 
NOTE: Output driver capable of driving one 'NPUT T STATIC 
TTL load with no external resistor. SROTCeTiGN 
Capable of driving two TTL loads using DEVICE 
an external 6.8KQ resistor to Vag Vee Voc cc 
STROBE DELAY vs. C2 OSCILLATOR FREQUENCY vs.C, 
200 
R= 100KQ 
180 T, = 25°C 


NOMINAL SUPPLY 
VOLTAGE 


CAPACITANCE (}F) 


NOMINAL VOLTAGE 
DELAY = 300nSEC/CpF 


CAPACITANCE (pF) 
2 
°o 





DELAY (mS) 





FREQUENCY (KHz) 


Norma! 
B-12345678910 


1000111001 
1000110101 
1000010101 
0101110101 
1001000001 
0001000101 
1101011001 
0111001001 
0000110101 
1000111001 
0100111001 
1110110101 
1100110101 
0001110101 
0111100001 
1010011001 
1011010101 
1111000001 
0111010101 
0100111001 
1100111001 
1010010101 
0010010101 
1100010101 
1111100100 
0010011001 
0011000101 
1111100001 
0110111001 
1101010101 
0010411001 
0100110101 
0110010101 
0000011000 
0001101000 
1011000001 
1101111101 
1101000000 
1110111001 
0100011001 
1010111001 
0010110101 
1110010101 
0110110101 
1100000001 
1011111101 
1111111001 
1011011001 
1001011001 
0000011001 
0110111001 
1001110101 
0001010101 
0100010101 
0101111001 
0111111001 
1101111001 
0000000001 
0101011001 
1000011001 
1110111001 
1010110101 
0101010101 
0111010101 
1011111000 
0011111001 
0000110101 
0000111001 
0110011001 
1100011001 
0001111001 
1001010101 
1101010101 
1011010101 
1111011001 
1110011001 
0101000000 
1011111001 
0011001001 
0001011001 
1001111001 
1111010101 
0011010101 
0011011001 
0111011001 
1101111001 
1011100101 
1011011001 
0000111001 
1001111001 


=z 
xnEw-0 0+ DAN 90 = 


D 
n 


aaa 


5 

t 
9 
v 
ETX 


ve 


o 
V..c3< OD 


z 
Cc 


= 
- -OORTITN 3 xe we RPODA iso c Nw OF.. 


n 


OOH... 


Options: 
Internal oscillator (pins 1, 2, 3) 


Shift 
B-12345678910 


< 0011111001 
Q 1000100101 
A 1000000101 
Z 0101100101 

HT 1001000001 
H 0001000101 
+ 1101011001 
> 0111111001 
@ 0000000101 

1 1000011001 
@ 0000000101 
W 1110100101 
S 1100100101 
X 0001100101 

RS 0111100001 
% 1010011001 
] 1011100101 
SI 1111000001 
A 0111100101 
“ 0100011001 
# 1100011001 
E 1010000101 
D 0010000101 
C 1100000101 
— 1111100100 
$ 0010011001 
L 0011000101 

US 1111100001 
& 0110011001 
[ 1101100101 
$ 0010011001 
R 0100100101 
F 0110000101 

SP 0000011000 
( 0001011000 

CR 1011000001 

[ 1101111101 

VT 1101000000 

"4410011001 

0100011001 

1010011001 

0010100101 

1110000101 

0110100101 

1100000001 

1011111101 

1111111001 

1011111001 

1001011001 

0000011001 

0111111001 

1001100101 

0001000101 

0100000101 

0101011001 

0111111001 

1101011001 

0000000001 

0101011001 

1000011001 

0110011001 

1010100101 

0101000101 

0111000101 

1011111000 

0011111001 

0000100101 

1001011001 

0110011001 

1100011001 

0101011001 

1001000101 

1101000101 

1011000101 

1111111001 

0100011001 

0101000000 

1101011001 

0011111001 

0001011001 

0001011001 

1111000101 

0011000101 

0011011001 
‘0111011001 
: 0101111001 
[ 1101100101 

— 1111100101 
0 0000111001 
) 1001011001 


ods: 


m 
4 
x< 


an 
_— 


+V -WI<V DW 


z 
Cc 


sVE RH 22 PVA I ZeCCH._ oF 


¢ rO~~A+ 


Pulse data ready signal 


KR3600-STD 


Control 
B-12345678910 


1 1000111011 
q 1000111111 
a 1000011111 
z 0101111111 
1001000001 
0001000101 
1101011001 
0111000001 
0000000001 
1000000001 
0100111011 
1110111111 
11001111141 
0001111111 
0111100001 
1010011001 
1011000001 
1111000001 
0111000001 
0100000001 
1100111011 
1010011111 
0010011111 
1100011111 
1111100100 
0010011001 
0011000101 
1111100001 
0110000001 
1111111101 
0010111011 
0100111111 
0110011111 
0000011000 
0001100000 
1011000001 
4101111111 
1101000000 
1110000001 
0100011001 
1010111011 
0010111111 
1110011111 
0110111111 
1100000001 


m 
+o 
x< 


1111111011 
1011011001 
1001011001 
0000011001 
0110111011 
1001111111 
0001011111 
0100011111 
0101111011 
0111111011 
1101111011 
0000000001 
0101011001 
1000011001 
1110111011 
1010111111 
0101011111 
0111011411 
1011111010 
0011111011 
0000111111 
0000111011 
0110011001 
1100011001 
0001111011 
1001011111 
1101011111 
1011014111 
1111011001 
1110011001 
0101000000 
1011111001 
0011000001 
0001011001 
1001111011 
1111011411 
0011011111 
0011011001 
. 0111011001 
1101111001 
1011100101 
1011011001 

0 0000111001 
HT 1001000001 


| wu 


n 


V..c3<x OD 


z 
Cc 


rc 


oF 
- -OoONTITN 3 xwmePovA Iljaoncne er... 


poe, 


Any key down (pin 4) positive output ‘Internal resistor to Vo on shift and control pins 


N key rollover only 
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KR3600-STD outputs provides ASC II bits 1-6 on B1-B6, and bit 7 on B8 


1011111111 


Shift Control 


B-12345678910 


SUB 0101100001 
DLE 0000100001 
@ 0000000101 
P 0000100101 
1001000101 
0001000111 
1101011011 
0111000011 
0000000001 
1000000001 
1110100001 
0011100101 
1000000101 
1000100101 
0011100001 
1010011011 
1011000001 
1111000011 
0111000001 
0100000001 
1010100001 
1100100001 
0100000101 
0100100101 
0111100100 
0010011011 
0011000111 
1111100011 
0110000001 
1111111101 
0010100001 
1010000001 
1100000101 
0000011000 
0001000000 
1011000101 
1101000101 
1101000010 
1110000001 
0100011011 
0100000001 
0010000001 
0010000101 
1100100101 
1100000001 
0111000101 
1101100101 
1011011011 
1001011011 
0000011011 
1000000001 
1000100001 
1010000101 
0010100101 
0110100001 
0101100101 
1001100101 
0000000001 
0101011011 

! 1000011011 
1100000001 
1110000001 
0110000101 
1010100101 
0111111100 
1110100101 
0101000101 
0100100001 
0110011011 
1100011011 
1101100001 
0110000001 
1110000101 
0110100101 
1110011001 
0100011001 
1011100000 
+ 1101011001 
0011000011 
( 0001011011 
1001100001 
1011100101 
0001100101 
0011011011 

. 0111011011 
: 0101111001 
1101100101 
— 1111100101 
0 0000111001 
HT 1001000001 





> 
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= 
= 
ao 
ua 
wn 





KR 3600-ST 


Normal Shift Control Shift/Contro! 
B-123456789 B-123456789 B-123456789 B-123456789 


\ 000001101 ~ 011111101 000000001 RS 011110001 

= 101111010 + 110101001 101110001 VT 110100010 
DC3 110010010 DC3 110010010 110010010 DC3 110010010 
— 101101001 — 111110101 101100010 US 111110010 
BS 000100010 BS 000100010 000100010 BS 000100010 
0 000011001 0 000011001 000011001 000011001 

© 011101001 © 011101001 011101001 011101001 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
111101010 111111001 111100001 111110010 
011101001 011111010 011100010 011110001 
001101010 001111001 001100001 001110010 
101101110 101100101 101100010 101100010 
011101110 011100101 011100010 011100010 
010001110 010000101 010000010 010000010 
011011110 011010101 011010010 011010010 
110001101 110000110 110000001 110000001 
000111101 000110110 000110001 000110001 
010111110 010110101 010110010 010110010 
010100001 010100001 010100001 010100001 
001110101 001111110 001110010 001110010 
111111110 111111110 111111110 1114114110 
110110110 101110110 110110001 101110001 
111011010 111011010 111011010 111011010 
000111010 000111010 000111010 000111010 
100111001 100111001 100111001 100111001 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
; 110111010 : 010111001 110110001 010110010 
001101101 001100110 001100001 001100001 
110101110 110100101 110100010 110100010 

j 010101101 010100110 010100001 010100001 
000101110 000100101 000100010 000100010 
1411001110 111000101. 111000010 111000010 
011001101 011000110 011000001 011000001 
001001110 001000101 001000010 001000010 
110011110 110010101 110010010 110010010 
100001110 100000101 100000010 100000010 
000000000 000000000 000000000 000000000 
110111101 } 101111101 110110001 101110001 
101100010 101100010 101100010 101100010 


awen~ 


NxXO<DMZEAV~ 


Oo 
mr 


OONeCHrKTMNxXO< O35 
OON—T--T 


PHONHDIcAr 


(9) 
wD. 


111001001 010001001 111000010 010000010 


001011010 001011010 001011010 001011010 
101011001 101011001 101011001 101011001 
011011001 011011001 011011001 011011001 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
000011110 000010101 000010010 000010010 
111101101 111100110 111100001 111100001 

i 100101101 100100110 100100001 100100001 
101011110 101010101 101010010 101010010 
100111110 100110101 100110010 100110010 
001011101 001010110 001010001 001010001 
010011101 010010110 010010001 010010001 
101001101 101000110 101000001 101000001 
111011101 111010110 111010001 111010001 
100011101 100010110 100010001 100010001 
000000000 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 
010010001 010010001 010010001 010010001 
000000000 000000000 000000000 000000000 
100011010 100011010 100011010 100011010 
010011010 010011010 010011010 010011010 
110011001 110011001 110011001 110011001 
000000000 000000000 000000000 000000000 
000000000 : 000000000 000000000 000000000 
000000000 000000000 000000000 000000000 

Q 000011001 ) 100101010 000010010 100100001 

9 100111001 ( 000101001 100110010 000100010 

000111010 * 010101010 000110001 010100001 

111011010 & 011001010 111010001 011000001 

011011001 A 011110110 011010010 011110001 

101011001 % 101001010 101010010 101000001 

001011010 $ 001001001 001010001 001000010 

110011001 # 110001010 110010010 110000001 

010011010 @ 000000110 010010001 000000001 

100011010 ! 100001001 100010001 100000010 

000000000 000000000 000000000 000000000 

000000000 000000000 000000000 000000000 

000000000 000000000 000000000 000000000 

000000000 000000000 000000000 000000000 

000000000 000000000 000000000 000000000 

SP 000001010 SP 000001010 000000001 NUL 000000001 
000000000 000000000 000000000 000000000 — 

DC1 100010001 DC1 100010001 100010001 DC1 100010001 

HT 100100001 HT 100100001 HT 100100001 HT 100100001 

ESC 110110001 ESC 110110001 ESC 110110001 ESC 110110001 


anh 


OfmDAq<C_Ov 


|]“NWROOND 





Options: Pin 1, 2, 3—Internal oscillator All outputs complemented 
Pin 4—Lockout (logic 1), rollover (logic 0) Level data ready 
Pin 5—Any key down output 380 


KR 3600-PRO 


Normal Shift - Control Shitt/Control 


000000000 001000000 010000000 011000000 
000000001 001000001 010000001 011000001 
000000010 001000010 010000010 011000010 
000000011 001000011 010000011 011000011 
000000100 001000100 010000100 011000100 
000000101 001000101 010000101 011000101 
000000110 001000110 010000110 011000110 
000000111 001000111 010000111 011000111 
000001000 001001000 010001000 011001000 
000001001 001001001 010001001 011001001 
000001010 001001010 010001010 011001010 
000001011 001001011 010001011 011001011 
000001100 001001100 010001100 011001100 
000001101 001001101 010001101 011001101 
000001110 001001110 010001110 011001110 
000001111 001001111 010001111 011001111 
000010000 001010000 010010000 011010000 
000010001 001010001 010010001 011010001 
000010010 001010010 010010010 011010010 
000010011 001010011 010010011 011010011 
000010100 001010100 010010100 011010100 
000010101 001010101 010010101 011010101 
000010110 001010110 010010110 011010110 
000010111 001010111 010010111 011010111 
000011000 001011000 010011000 011011000 
000011001 001011001 010011001 011011001 
000011010 001011010 010011010 011011010 
000011011 001011011 010011011 011011011 
000011100 001011100 010011100 011011100 
000011101 001011101 010011101 011011101 
000011110 001011110 010011110 011011110 
000011111 001011111 010011111 011011111 
000100000 001100000 010100000 011100000 
000100001 001100001 010100001 011100001 
000100010 001100010 010100010 011100010 
000100011 001100011 010100011 011100011 
000100100 001100100 010100100 011100100 
000100101 001100101 010100101 011100101 
000100110 001100110 010100110 011100110 
000100111 001100111 010100111 011100111 
000101000 001101000 010101000 011101000 
000101001 001101001 010101001 011101001 
000101010 001101010 010101010 011101010 
000101011 001101011 010101011 011101011 
000101100 001101100 010101100 011101100 
000101101 001101101 010101101 011101101 
000101110 001101110 010101110 011101110 
000101111 001101111 010101111 017101111 
000110000 001110000 010110000 011110000 
000110001 001110001 010110001 011110001 
000110010 001110010 010110010 011110010 
000110011 001110011 010110011 011110011 
000110100 001110100 010110100 011110100 
000110101 001110101 010110101 011110101 
000110110 001110110 010110110 011110110 
000110111 001110111 010110111 011110111 
000111000 001111000 010111000 011111000 
000111001 001111001 010111001 011111001 
000111010 001111010 010111010 011111010 
000111011 001111011 010111011 011111011 
000111100 001111100 010111100 011111100 
000111101 001111101 010111101 011111101 
000111110 001111110 010111110 011111110 
000111111 001111111 010111111 011111111 
100000000 101000000 110000000 111000000 
100000001 101000001 110000001 111000001 
100000010 101000010 110000010 111000010 
100000011 101000011 110000011 111000011 
100000100 101000100 110000100 111000100 
100000101 101000101 110000101 111000101 
100000110 101000110 110000110 111000110 
100000111 : 101000111 110000111 111000111 
100001000 101001000 110001000 111001000 
100001001 101001001 110001001 111001001 
100001010 101001010 110001010 111001010 
100001011 101001011 110001011 111001011 
100001100 101001100 110001100 111001100 
100001101 101001101 110001101 111001101 
100001110 101001110 110001110 111001110 
100001111 101001111 110001111 111001111 
100010000 101010000 110010000 111010000 
100010001 101010001 110010001 111010001 
100010010 101010010 110010010 111010010 
100010011 101010011 110010011 111010011 
100010100 101010100 110010100 111010100 
100010101 101010101 110010101 111010101 
100010110 101010110 110010110 111010110 
100010111 101010411 110010111 411010111 
100011000 101011000 110011000 111011000 
100011001 101011001 110011001 111011001 
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Options: Any key down (pin 5), positive output 
Internal oscillator (pins 1, 2, 3) Pulse data ready , 
Lockout/rollover (pin 4), with internal resistor to VDD Internal resistor to VDD on shift & control pins 


Lockout is logic 1 381 


DESCRIPTION 


The KR 3600 PRO is a MOS/LSI device intended tosimplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 
while providing either a 2-key or N-key rollover. 


The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
field programming. 


The code in the KR 3600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at X0, YO and increments 
through XOY1, XOY2...X8Y9. Bit 9 is the LSB; bit 1 is 


Bits 2 and 3 indicate the mode as follows: 


Bit 2 Bit3 
0 0 Normal 
0 1 Shift 
1 0 Control 
1 1 Shift Control 


For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An “any-key-down” output is provided for such uses as 
repeat oscillator keying. 

Figure 1 shows a PROM-encoded 64 key, 4 mode applica- 
tion, using a256x8 PROM, and Figure 2 a full90 key, 4 mode 
application, utilizing a 512x8 PROM. 

If N-key rollover operation is desired, it is recommended 
that a diode be inserted inseries with each switch as shown. 
This prevents “phantom” key closures from resulting if 


the MSB. three or more keys are depressed simultaneously. 


FIGURE 2 
KR 3600 PRO TYPICAL APPLICATION 
90 KEY, 4 MODE 


FIGURE 1 
KR 3600 PRO =TYPICAL APPLICATION 
64 KEY, 4 MODE 


Rollover Any Key Down Rollover Any Key Down 


Data Ready Data Ready 


Lockout _ bockout 


63LS281 of Equiv. 
CODED DATA 

748473 of Equiv. 
CODED DATA 


ptt ttt 


typical switch typical switch typical switch typical switch 
(N-key rollover) {2-key rollover) (N-key rollover) (2-key roflover) 


x x 
x x Y y 
control control 
Y Y = 


STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
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We keep ahead of our competition so you can keep ahead of yours. at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
—— 


MPU 3870 


LPC FAMILY 


Single Chip 8-Bit Microcomputer 


FEATURES 

() 2K bytes of mask programmable ROM memory 
C 64 bytes of scratch pad RAM 

ZC 32 bits (4 ports) TTL compatible I/O 


C] Programmable binary timer 
interval timer mode 
pulse width measurement mode 
event counter mode 


C) External Interrupt Input 
C1] Crystal, LC, RC, or external time base options 
C1) Low Power (275 mW typical) 


GENERAL DESCRIPTION 


The MPU3870 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. The MPU3870 can 
execute a set of more than 70 instructions. The 
MPU3870 features 2K bytes of ROM, 64 bytes of 
scratch pad RAM, a programmable binary timer, and 
32 bits of I/O. 

The programmable binary timer operates by itself 


MPU3870 BLOCK DIAGRAM 


Figure 1 XTL1—- XTL2 


MEMORY ADDRESS BUS 





PIN CONFIGURATION 
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in the interval timer mode or in conjunction with the 
external interrupt input in the pulse width measure- 
ment and the event counter modes of operation. Two 
sources of vectored, prioritized interrupt are provided 
with the binary timer and the external interrupt input. 
The user has the option of specifying one of four clock 
sources: crystal, LC, RC or external clock. 


EXT INT 


= : INTERRUPT 
Re TIMER LOGIC 


64x8 
SCRATCHPAD 
REGISTERS 


DO4+rPRCZCOOyY 


RESULT BUS 


RESET & 
POWER ON 
CLEAR 


1/0(8\stnose «1018 RESET 





SECTION IX 
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MPU 3870 
PROGRAMMABLE 
REGISTERS, PORTS, 
AND MEMORY MAP 


Figure 2 


AUX DATA 
COUNTER 


11 
12 BITS ——— > 


MPU3870 MAIN MEMORY 


There are four address registers used to access main 
memory. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during 
an interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to resume 
upon completion of the subroutine or interrupt routine. The 
Data Counter is used to address data tables. The register 
is auto-incrementing. Of the two data counters, only Data 
Counter (DC), can access the ROM. However, the XDC 
instruction allows the Data Counter and Auxiliary Data 
Counter to be exchanged. 


oci 
OCIU Octit 
87 


i?) 





SCRATCHPAD MEMORY 


SCRATCHPAD DEC 


7-8 BITS+ 0 


MAIN MEMORY 


VO PORTS 


The MPU3870 provides four, 8 bit bidirectional Input/Out- 
put ports. These are ports 0, 1, 4, 5. In addition, the Interrupt 
Control Port is addressed as Port 6 and the binary timer is 
addressed as Port 7. The programming of Ports 6 and 7 
and the bidirectional I/O pin are covered in the 3870 Technical 
Manual. The schematic of an I/O pin and available output 
drive options are shown in Figure 4. 


An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MPU3870 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely finished, so either edge may be used 
to signal the peripheral. STROBE may also be used as an 
input strobe to Port 4 after completing the input operation. 
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MPU3870 CLOCKS 
The time base network used with the MPU3870 may be one The type of network which is to be used with the MPU3870 


of the four different types listed below. is to be specified at the time when mask ROM MPU3870 
Crystal devices are ordered. The time base specifications for 
each of the four modes are covered in the 3870 Technical 

RC Manual. 


External Clock 


MPU3870 ARCHITECTURE 
The basic functional elements of the MPU3870 are shown ough discussion of the architecture, instruction set, and other 
in Figure 1. Aprogramming model is shown in Figure 2. The features. 
user is referred to the 3870 Technical Manual for a thor- 


DESCRIPTION OF PIN FUNCTIONS 


| = PINNO. | ace DESCRIPTION FUNCTION 


3-6, 19-16 1/O Port 0 PO-0 through PO-7, P1-0 through P1-7, P4-0 through P4-7, and P5-0 through 
37-34, 22-25 /O Port 1 P5-7 are 32 lines which can be individually used as either TTL compatible 
8-15 Q—P4- /O Port 4 inputs or as latched outputs. 
= 26 —P5- f VO Port 5 


0 
STROBE Ready Strobe STROBE is a ready strobe associated with I/O Port 4. This output pin, which 
is normally high, provides a single low pulse after valid data is present on 
the P4-0 through P4-7 pins during an output instruction. 
EXT INT External Interrupt | EXT INT is the external interrupt input. Its active state is software 
programmable. This input is also used in conjunction with the timer for pulse 
width measurement and event counting. 


| External Reset RESET may be used to externally reset the MK3870. When pulled low the 
MK3870 will reset. When then allowed to go high the MK3870 will begin 
program execution at program location H ‘000’. 


meat Kell 1,XTL2 Time Base XTL 1 and XTL 2 are the time base inputs to which a crystal, LC network, RC 
network, or an external single-phase clock may be connected. The time 
base network must be specified when ordering a mask ROM MK3870. The 
MK38P70 will operate with any of the four configurations. 


ea [4 Line TEST is an input, used only in testing the MK3870. For normal circuit 
| Tete tetealy this pin may be left unconnected, but it is recommended that 
TEST be grounded. 


Me Bot. Power Supply __| +5 volt supply pin 
| 20 GND] Ground | Ground 


1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT 
BUFFER OPTIONS 


OUTPUT BUFFER OPTIONS 
(MASK PROGRAMMABLE} 


OUTPUT 
BUFFER 


STANDARD 


| OUTPUT 


READ PORT 
LOAD PORT 


OPEN DRAIN. 
"OUTPUT 


OATA BUS (WIRED-OR CONFIGURATION) 


os 
P4 
=] 
= 
o 
qu 
nn 





Ports O and 1 are Standard Output type only — 
Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 

The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads. 
RESET and EXT INT may have standard 6Ki! (typical) pull-up or may have no pull-up (mask programmable) 


DIRECT DRIVE 
OUTPUT 
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ELECTRICAL SPECIFICATIONS 
MPU3870 


OPERATING VOLTAGES AND TEMPERATURES 


Dash Operating Operating 
Number Voltage Temperature 
Suffix ee Kk 



















—00 +5V+10%* 0°C-70°C 
—05 +5V+5% 0°C-70°C 
—10 +5V+10%* — 40°C-+ 85°C 
—15 +5V+5%* — 40°C- + 85°C 
See Ordering Information for explanation of 
part numbers. 
ABSOLUTE MAXIMUM RATINGS* 

—00, —05 —10, —15 
Temperature Under BidS ......... ccc ccc cence eee eee ne seen eee eenenaee -—20°C to +85°C —50°Cto +100°C 
Storage TEmperature<: vite sesscalvisici base ciareis Sa GRU Ueklare ara dvlnas andes aos, vance Soerd eae av eee —65°C to +150°C + -—65°Cto + 150°C 
Voltage on any Pin With Respect to Ground 

(Except open drain pins and TEST) ........ 00. cece cee t ene e eee tneeenes -—1.0V to +7V -1.0Vto +7V 
Voltage on TEST with Respect to Ground ........ 0... ccc cece cece eee tee neeeeeee —1.0V to +9V -1.0V to +9V 
Voltage on Open Drain Pins With Respect to Ground .............. cece eee ee eee eee —1.0Vto +13.5V  -1.0Vto +13.5V 
Power DiSSIDARION tiie 2 cies: tie 07ed5 5.6 coed tee dicta eacsaieots ov Sonata auclesd Sa Wares SuEN aw Elae ee ee 1.5W 1.5W 
Power Dissipation by any one VO pin....... 0. ccc cee tee e teen eee enneees 60mW 60mW 
Power Dissipation by all /Opins.......... epics Sacked ATA esha aap rg ane ertadide HAG 600mW 600mW 


“Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


AC CHARCTERISTICS T,, V.,within specified operating range. I/O power dissipation <100mW (Note 2) 


| -00,-05 | -10,-15 | 
PARAMETER | MIN. | MAX | MIN | MAX | 


Timer Base Period, all clock modes 250 500 250 500 


External clock pulse width high 90 400 100 390 
External clock pulse width low 100 400 110 390 


Internal ® clock ay == ae ae 
Internal WRITE Clock period 4th 4td Short Cycle 
6t® 6td Long Cycle 
Output delay from internal 100 1200 50pF plus 
WRITE clock one TTL load 
k 
t 


tivo Input setup time to intrenal 1000 1200 
WRITE cloc 


tos Output valid to STROBE delay Std 3td 3td 3td /O load = 
-—1000} +250 | —1200|} +300 50pF +1 TTL load 
ter STROBE low time 8tb 12td 8td STROBE load = 
—250 | +250 | —300 50pF + 3TTL loads 
RESET hold time, low 6td 6tb 
+750 +1000 


RESET hold time, low for 
power clear 


EXT INT EXT INT hold time in active and 
inactive state 





To trigger 
interrupt 
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DC CHARACTERISTICS T,, Vcc within specified operating range I/O power dissipation=100mW (Note 2) 



















| -00,-05 | -10,-15 | 
sm | panameren an AR] 
[Vex __—(|ExternalClockinputhighlevel | 24 | 5.8 | 24 | 58 | Vi 
Vucex [ExternalClockinputlowlevel ss | —3 | 6 | -3 | 6 | Vv 
FIvex _——*([ExternalClockinputhighcurrent = || 100, || 130 | WA [Vnex=VOce 
Flue __——*([ExternalClockinputlowcurrent || - 100] | = 130 | WA [Viex=Ves 
(ca (eae cae 
| 20 | 132 [ 22 | 132 | V_ |[NoPul-up | 
ee ol aor emerson ee ener 
[| 20 | 13.2 | 22 | 132 | Vo [NoPul-up 
[Vc |inputlowievel | 8 7 | vy 
LS 2 i il hc 
standard pull-up resistor 
fe prtaemcmnimeee [|e] oe [ak Vesa 
pins, and inputs with no pull-up resistor —5 -8 pA |Vy=0.0V 
eta [|= [ak Neceed 
with standard pull-up resistor —30 —25 BA | Von =3.9V 
-1.5 -1.3 MA | Vo4=1.5V 
—8.5 —11 MA | Vo4=0.7V 
[los [STROBE OutputHighcurrent == | -300| | 270 | A [Va = 2.4V 
fl ———*[Outputlowcurrent = —CiECB OT 65 [TMA [Vu =O4V 
60 [| | 45 | | mA [Va=04v 
Outputs Open 





TIMER AC CHARACTERISTICS 

Definitions: 

Error = Indicated time value — actual time value 
tpsc =t® x Prescale Value 


Interval Timer Mode: 
Single interval error, free running (NOtE 3) oe ee nee ee ene e EE Eee et eee eee nena +6td 
Cumulative interval error, free running (Note 3)... 0... cece eee eet nee ete e eee eee t eens 0 
Error between two Timerreads (Note 2) 0... ke ccc eee ee cece ee eee ent e eee eee teen ees +(tpsc +t®) 
Start Timer to stop Timer error (Notes 1,4) 2.0... eee cece ene teen eben enna renee enaes +t®to — (tpsc+t®) 
Start Timer to read Timer error (NOteS 1,2) 00... cc ne erence eee e nett eee e eee —5t® to — (tpsc+ 7td) 
Start Timer to interrupt request error (NOES 1,3) 00... eect eee eee teen eee nee e nets —2t® to — Btd 
Load Timer to stop Timer error (Note 1) 2... cece eer eeee ence eee e een eee nee nnans +t®D to — (tpsc + 2td) 
Load Timer to read Timer error (NoteS 1,2) 0... . cece ce ene e ee eee eee eee e nents ~5tb+to — (tpsc + 8td) 
Load Timer to interrupt request error (Not€S 1,3) 0... cee eee ener eee e nee n eens ~—2tP to —9tb 
Pulse Width Measurement Mode: 
Measurement accuracy (Note 4) 2.0.6... ccc ccc ccc ccc ce cee ee nee een eee eee ene n ene e beeen eens +t® to — (tpsc + 2t’) 
Minimum pulse width of EXT INT pin... 0.6 erence eee e nen tenet eee eee e ene 2td 
Event Counter Mode: 
Minimum active time of EXT INT pin 2... eee een e een eee nee eee e eRe EES 2to 
Minimum inactive time of EXTINT pin .......... 2.22. e eee ce eee Taiatal G18 Sagas o acd abst a eee shag adele ord uel oN asa ase ata occa BS 2tb 
Notes: 


1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS 


instruction. 

2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate 
interrupt request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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SECTION IX 


INPUT/OUTPUT AC TIMING 


CYCLE TIMING 
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DEPENDS ON INSTRUCTION 
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* CYCLE TIMING INS PORT ADOR. PORT DATA NEXT 


SHOWN FOR . OP CODE PLACED ON DRIVEN ON TO OP CODE 
4MHz EXTERNAL FETCHED DATA BUS DATA BUS FETCHED 
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A. INPUT ON PORT 40OR 5 


CYCLE TIMING 
INTERNAL DEPENDS ON INSTRUCTION 


WRITE 
CLOCK 
PORT ADDR. ACCUMULATOR 


ON DATA CONTENTS 


FETCHED BUS ON DATA BUS FETCHED 


PORT PINS 


STROBF STAYS LOW 


(ACTIVE FOR PORT 4 ONLY) FOR TWO WRITE 
CYCLES 


B. OUTPUT ON PORT 4OR 5 


INTERNAL 
WRITE 
CLOCK 


OUTS 0,1 | ACC DATA 


OP CODE 
FETCHED j ON BUS 


FETCHED FETCHED 


PORT PINS PORT PINS 


C. INPUT ON PORT OOR 1 D. OUTPUT ON PORT 0, 1 
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AC TIMING DIAGRAM 


External Clock 


Internal & Clock 


1/O Port Output 


STROBE 


IcPBIT2 0 
\IcPBIT2 1 


Note: All measurements are referenced to Vy max., Vip min., VoL Max., or VOY min. 
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MAXIMUM OPERATING TEMPERATURE VS. 
1/0 POWER DISSIPATION 
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
Se information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
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Package Outlines 


STANDARD MICROSYSTEMS 
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STANDARD MICROSYSTEMS 
——-—— 


SALES REPRESENTATIVES 


ALABAMA 

EMA 

2309 Starmount Circle 
Huntsville, AL 35801 
(205) 533-6640 


ARIZONA 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


ARKANSAS 
Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 

Dallas, TX 75240 
(214) 385-9669 


CALIFORNIA 
(Southern) 

RELCOM Inc. 

20335 Ventura Blvd. 
Suite 203 

Woodland Hills, CA 91364 
(213) 340-9143 


(Northern) 

Costar, Inc. 

Suite SW3-175 
10080 N. Wolfe Road 
Cupertino, CA 95014 
(408) 446-9339 


COLORADO 
WESCOM Mktg. 
7985 Vance Drive 
Suite 102 

Arvada, CO 80003 
(303) 422-7619 


CONNECTICUT 
Orlon Group 

27 Meriden Ave. 
Southington, CT 06489 
(203) 621-8371 


DELAWARE 
BGR Assoc. 
3001D Greentree 
Executive Campus 
Marlton, NJ 08053 
(609) 428-2440 


FLORIDA 

“C” Associates 

2500 Hollywood Blvd. 
Suite 302 

Hollywood, FL 33020 
(305) 922-5230 
(305) 922-8917 


“C” Associates 

249 Maitland Ave. 

Suite 305 Altamonte Center 
Altamonte Springs, FL 32701 
(305) 831-1717 


GEORGIA 

EMA 

6445 Hillandale Drive 
Norcross, GA 30092 
(404) 449-9430 


IDAHO 

SDR? Products & Sales Co. 
14230N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


IOWA 

Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


ILLINOIS 

METCOM Associates Corp. 
Two Talcott Road 

Park Ridge, IL 60068 

(312) 696-1490 


KANSAS 

S.W. Wollard Co. 
Rural Route | Box 66A 
Parker, KS 66072 
(913) 898-6552 


LOUISIANA 
Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 

Dallas, TX 75240 
(214) 385-9669 


MAINE 

Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


MARYLAND 

Robert Electronic Sales 
6407 Frederick Avenue 
Cantonville, MD 21228 

(301) 788-2380 


MASSACHUSETTS 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


MICHIGAN 

DETROIT AREA 

KRW Sales 

PO. Box 347 

Farmington Hills, MI 48024 
(313) 476-6090 


GRAND RAPIDS 

KRW Sales 

RO. Box 163 

Grand Rapids, Mi 49306 
(616) 363-2925 


MINNESOTA 

Quantum Sales Inc. 

10800 Normandale Boulevard 
Bloomington, MN 55437 
(612) 884-4700 


MISSISSIPPI 

EMA 

2309 Starmount Circle 
Huntsville, AL 35801 
(205) 533-6640 


MISSOURI 

S.W. Wollard Co. 
Rural Route | Box 66A 
Parker, KS 66072 
(913) 898-6552 


MONTANA 

SDR? Products & Sales Co. 
14230N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9427 


NEBRASKA 

S.W. Wollard Co. 
Rural Route | Box 66A 
Parker, KS 66072 
(913) 898-6552 


NEVADA 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


NEW JERSEY 
(Northern) 

Lorac Sales Electronics 
550 Old Country Rd. 
Room 410 

Hicksville, NY 11801 
(516) 681-8746 

(201) 622-4958 


(Southern) 

BGR Assoc. 
3001D Greentree 
Executive Campus 
Marlton, NJ 08053 
(609) 428-2440 


NEW HAMPSHIRE 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


NEW MEXICO 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


NEW YORK 

Lorac Sales Electronics 
550 Old Country Rd. 
Room 410 

Hicksville, NY 11801 
(516) 681-8746 

(201) 622-4958 


(Upstate) 

L-Mar Assoc., Inc. 

216 Tilden Drive 

E. Syracuse, NY 13057 
(315) 437-7779 

L-Mar Assoc., Inc. 
4515 Culver Rd. 
Rochester, NY 14622 
(716) 544-8000 


NORTH CAROLINA 
EMA 

Rt. 8 Dogwood Village 
Jonesboro, TN 37659 
(615) 753-8861 


NORTH DAKOTA 
Quantum Sales 


10800 Normandale Blvd. 


Bloomington, MN 55437 
(612) 884-4700 


OHIO 

Thompson & Associates 
7221 Taylorsville Rd. 
Dayton, OH 45424 
(513) 237-9422 


OKLAHOMA 
Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 

Dallas, TX 75240 
(214) 385-9669 
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OREGON 

SDR? Products & Sales Co. 
1526 S.E. Claybourne 
Portland, OR 97202 

(206) 747-9424 


PENNSYLVANIA 
(Eastern) 

BRG Assoc. 

3001D Greentree 
Executive Campus 
Marlton, NJ 08053 
(609) 428-2440 


(Western) 

Thompson & Associates 
7221 Taylorsville Rd. 
Dayton, OH 45424 
(513) 237-9422 


RHODE ISLAND 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


SOUTH CAROLINA 
EMA 

6645 Hillandale Dr. 
Norcross, GA 30092 
(404) 449-9430 


SOUTH DAKOTA 
Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


TENNESSEE 
(East) 

EMA 

Rt. 8 Dogwood Village 
Jonesboro, TN 37659 
(615) 753-8861 


(West) 

EMA 

2309 Starmount Circle 
Huntsville, AL 35801 
(205) 553-6640 


TEXAS 

Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 

Dallas, TX 75240 
(214) 385-9669 


(El Paso) 
RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602) 893-1209 


Nova Marketing, Inc. 
11700 S.W. Freeway 
Suite 200 

Houston, TX 77031 
(713) 933-2636 


UTAH 

WESCOM Mktg. 
7985 Vance Drive 
Suite 102 

Arvada, CO 80003 
(303) 422-7619 


VERMONT 
Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 


VIRGINIA 

Robert Electronic Sales 
6407 Frederick Avenue 
Cantonville, MD 21228 

(301) 788-2380 

TWX: 710-862-1452 


AREASALES | 
MANAGEMENT OFFICES 


EASTERN AREA 


35 Marcus Boulevard 
‘Hauppauge, NY 11788 


(516) 273-3100 
TWX:510-227-8898 
TELEX 221646 


‘WESTERN AREA 


Turk Enterprises 


2172. Dupont Dr. 
drvine, CA 92715. 
(714) 955-1575 

| TWX: 910-595-2635 


. CENTRAL AREA 


Microsystems Sales 
16990 Dallas Pkwy. 


Suite 151 


Dallas, TX 75248 
(214) 931-5321 


_ TWX:910-860-9269 





WASHINGTON 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


WASHINGTON, D.C. 
Robert Electronic Sales 
6407 Frederick Avenue 
Catonville, MD 21228 
(301) 788-2380 

TWX: 710-862-1452 


WEST VIRGINIA 
Thompson & Associates 
7221 Taylorsville Rd. 
Dayton, OH 45424 
(513) 237-9422 


WISCONSIN 

(East) 

Metcom Associates Corp. 
237 S. Curtis Rd. 

W. Allis, WI 53214 

(414) 476-1300 


(West) 

Quantum Sales 

10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 


WYOMING 

SDR? Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 

(206) 747-9424 


PUERTO RICO 

Mill-Bern Assoc., Inc. 

G.PO. Box 4543 

San Juan, Puerto Rico 00936 
(809) 792-1541 


INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 


AUSTRALIA 

A.J.F Systems 

9 Harker St. 

Burwood, Victoria 3125 
Australia 

(03) 288-4044 

TLX: AA 31261 


BELGIUM 

Auriema, S.A. 

Rue Brogniezstraat 172-A 
B-1070 Brussels, Belgium 
32-2-523-6295 

TLX: 84621646 


CANADA (OTTAWA) 
R.FQ. Ltd. 

2249 Carling Ave. 

Suite 204 

Ottowa, Ontario 

Canada N2B 7E9 

(613) 820-8445 

(613) 820-8446 


CANADA (TORONTO) 
R.FQ, Ltd. 

385 The West Mall 

Suite 209 

Etobicoke, Ontario 
Canada, M9C1E7 

(416) 626-1445 

TWX: (610) 492-2540 


DISTRIBUTORS 


ARIZONA 

Cetec Moltronics 
3617 N. 35th Ave. 
Phoenix, AZ 85017 
(602) 272-7951 


Kachina Electronic Dist. 
1425 N. 27th Lane 
Phoenix, AZ 85009 
(602) 269-6201 


Kachina Electronic Dist. 
1810 W. Grant No. 108 
Tucson, AZ 85705 
(602) 792-2223 


Diplomat/Westates Elec. 
18401 North 25th Ave. 
Phoenix, AZ 85023 
(602) 866-7525 


CALIFORNIA 
Cetec Moltronics 
5610 E. Imperial Hwy. 
South Gate, CA 90280 
(213) 773-6521 

(714) 521-7412 


Cetec Moltronics 
721 Charcot Ave. 
San Jose, CA 95121 
(408) 263-7373 


Cetec Moltronics 
3940 Ruffin Rd. 

San Diego, CA 92123 
(714) 278-5020 


Diplomat Electronics, Inc. 


1283F Mt. View-Alviso Rd. 


Sunnyvale, CA 94086 
(408) 734-1900 


Diplomat/Westates Elec. 
3001 Redhill Ave. 

Bldg. 3-108 

Costa Mesa, CA 92626 
(714) 549-8401 


Diplomat/Westates Elec. 
20151 Bahama St. 
Chatsworth, CA 91311 
(213) 341-4411 


Diplomat/Westates Elec. 
9787 Aero Drive 

San Diego, CA 92123 
(714) 292-5693 


NESCO 

7110 Gerald Ave. 
Van Nuys, CA 91406 
(800) 423-2664 


DENMARK 

Tage Olsen A/S 
Ballerup Byvej 222 
275D Ballerup 
Denmark 
45-2-658111 

TLX: 85535293 
FINLAND 
Havulinna 
Instrumentarium OY 
FO. Box 357 
Maklelankatu 84 
00101 Helsinki 10 
90-755-4144 TLX: 124426 


FRANCE 

Tekelec Airtronic 

Cite Des Bruyeres 
Rue Carle Vernet 

B.P. #2, 92310 Sevres 
33-1-534-7535 

TLX: 204552F 


GREAT BRITAIN 
Manhattan (Skyline) Ltd. 
Wier Bank 
Bray-on-Thames 

Near Maidenhead 
Berks, United Kingdom 
SL6 2ED 

44-628-34281 

TLX: 851-847591 


Western Micro Sales 
10040 Bubb Road 
Cupertino, CA 95014 
(408) 725-1660 


COLORADO 

Bell Industries 

Electronic Distributor Div. 
8155 W. 48th Ave. 
Wheatridge, CO 80033 
(303) 424-1985 


Diplomat Electronics, Inc. 
96 Iverness Dr., East 
Unit R 

Englewood, CO 80112 
(303) 740-8300 


CONNECTICUT 
Diplomat Electronics, Inc. 
52 Federal Road 
Danbury, CT 06810 
(203) 797-9674 


J. V. Electronics, Inc. 
690 Main Street 

East Haven, CT 06512 
(203) 469-2321 


FLORIDA 

Diplomat Electronics, Inc. 
2120 Calumet St. 
Clearwater, FL 33515 
(813) 443-4514 


Diplomat Electronics, Inc. 
115 Palm Bay Road 
Bldg. 200-Suite 10 

Palm Bay, FL 32905 
(305) 725-4520 


Diplomat Electronics, Inc. 
6890 N.W. 20th Ave. 

Fort Lauderdale, FL 33309 
(305) 971-7160 


GEORGIA 

Diplomat Electronics, Inc. 
6659 Peachtree Ind. Blvd. 
Suite B 

Norcross, GA 30092 
(404) 449-4133 


HOLLAND 

Auriema Nederland BV 
Doornakkersweg 26 
5642MP Eindhoven 
Nederland 

Tel. 31-40-816565 
TLX: 84451992 


HONG KONG 

Protech 

Wah Sing St. 

Wah Sing Ind. Bldg. 

18F, Flat 1 

Kwai Chung, N.T. Kowloon 
Tel. 12-294721 

TLX: 38396 PLTD HX 


ISRAEL 

Vectronics, Ltd. 

69 Gordon Street 

P.O. Box 16335, Tel Aviv 
23-4424 TLX: 32396 


ITALY 

Dott. Ing. Guiseppe 

De Mico S.PA. 

Via Vittorio Veneto 8 

20060 Cassina De Pecchi 
Milano, Italy 

02-95-20-551 TLX: 330869 


ILLINOIS 

Diplomat Electronics, Inc. 
1071 Judson St. 
Bensenville, IL 60106 
(312) 595-1000 


Mar-Con 

4836 Main Street 
Skokie, IL 60076 
(312) 675-6450 


MARYLAND 

Whitney Distributors, Inc. 
6707 Whitestone Road 
Baltimore, MD 21207 
(301) 944-8080 


Diplomat Electronics, Inc. 


9150 Rumsey Rd., Suite A6 


Columbia, MD 21045 
(301) 995-1226 


MASSACHUSETTS 
Diplomat Electronics, Inc. 
559 East Street 
Chicopee, MA 01020 
(413) 592-9441 


Diplomat Electronics, Inc. 
Kunlholm Drive 

Holliston, MA 01746 
(617) 429-4120 


RC Components 

10 Cornell Place 
Wilmington, MA 01887 
(617) 657-4310 


MICHIGAN 

Diplomat Electronics, Inc. 
32708 W. Eight Mile Road 
Farmington, MI 48024 
(313) 477-3200 


MINNESOTA 
Diplomat Electronics, inc. 


271 Commerce Circle South 


Fridley, MN 55432 
(612) 572-0313 


NEW JERSEY 
Diplomat Electronics, Inc. 
490 South Riverview Dr. 
Totowa, NJ 07512 

(201) 785-1830 


JAPAN 

Teijin Advanced Prod. Corp. 
1-1 Uchisaiwai-Cho 

2 Chome, Chiyoda-Ku 
Tokyo 100 Japan 
506-4670-6 TLX: J23548 


SOUTH KOREA 

Kortronics Enterprise 

Rm. 201-202, 18-Dong, C-Block 
#604-1, Guro-Dong, Guro-Gu 
Seoul, Korea 

634-5497 TLX: MICROS K28484 


NORWAY 

National Elektro A/S: 
Trade Division 
Ulvenveien 75 

P.O. Box 53, Oekern 

N. Oslo, 5, Norway 
02-644970 TLX: 71265 


SPAIN 

Amitron S.A. 

Loeches, 6 

Madrid 8, Spain 
34-1-2485863 TLX: 83145550 


SWEDEN 

NAXAB 

Box 4115 

17104 Solna, Sweden 
08-98-51-40 TLX: 17912 


Falk-Baker Assoc. 
382 Franklin Ave. 
Nutley, NJ.07110 
(201) 661-2430 
(201) 661-2431 


NEW MEXICO 

Bell Industries 

Century Electronic Div. 
11728 Linn N.E. 
Albuquerque, NM 87123 
(505) 292-2700 


NEW YORK 
Diplomat Electronics 
110 Marcus Dr. 
Melville, NY 11747 
(516) 454-6400 


Diplomat Electronics 
4610 Wetzel Road 
Liverpool, NY 13088 
(315) 652-5000 


Current Components 
215 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-2600 


OHIO 

Target Electronic Corp. 
6230 Cochran Rd. 
Solon, OH 44139 
(216) 248-7930 


Applied Data Management 
435 Dayton St. 

Cincinnati, OH 45214 
(513) 579-8108 


OKLAHOMA 
Quality Components 
9934 E. 21st St. 
Tulsa, OK 74129 
(918) 664-8812 


PENNSYLVANIA 
QED Electronics, Inc. 
300 North York Road 
Hatboro, PA 19040 
(215) 674-9600 


TEXAS 

Quality Components, Inc. 
4257 Kellway Circle 

PO. Box 819 

Addison, TX 75001 

(214) 387-4949 


SWITZERLAND 
Datacomp AG 
Zurchestr 20 


CH-895 2 Schileren, Zurich 
41-1-7302165 TLX: 854553533 


TAIWAN 
Multitech Int'l Corp. 
977 Min Shen E. Road 


Taipei 105 Taiwan R.O.C. 
02-769-1225 TLX: 23756 


WEST GERMANY 
Tekelec Airtronic Gmbh 
NussbaumstraBe 4 
8000 Munchen 2 


89-594621 TLX: 05-22241 





Quality Components, Inc. 
6126 Westline 

Houston, TX 77036 
(713) 772-7100 


Quality Components, Inc. 
2427 Rutland 

Austin, TX 78758 

(512) 835-0220 


Diptomat Electronics, Inc. 


10614 Rockley Road 
Houston, TX 77099 
(713) 530-1900 


Diplomat Electronics, Inc. 


4651 Westgrove Drive 
Dallas, TX 75248 
(214) 931-3404 


UTAH 

Bell Industries 
Electronic Distributor Div, 
3639 West 2150 South 
Salt Lake City, UT 84120 
(801) 972-6969 


Diplomat Electronics, Inc. 
3007 S.W. Temple 

Salt Lake City, UT 84115 
(801) 486-4134 


CANADA 

Future Electronics Inc. 
237 Hymus Blvd. 
(Point Claire) 
Montreal, Quebec 
Canada H9R 5C7 
(514) 694-7710 


Future Electronics Inc. 
4800 Dufferin Street 


Downsview, Ontario, M3H5S8 


(416) 663-5563 


Future Electronics Inc. 
3070 Kingsway 
Vancouver, B.C. V5R 5J7 
(604) 438-5545 


Future Electronics Inc. 
Baxter Center 

1050 Baxter Road 
Ottawa, Ontario K2C 3P2 
(613) 820-8313 


Future Electronics Inc. 
5809 MacLeod Trail S. 
Unit 109 

Calgary, Alberta T2H OJ 
(403) 259-6408 





SECTION X 


STANDARD MICROSYSTEMS 
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